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Advertif orient of the Author. 



A. 



GRICULTURE is no doubt the bafis of 
public welfare, becaufe it alone fupplies all the wants 
which nature has connected with our exiftence. But the 
arts and commerce form the glory, the ornament, and the 
riches of every polnlied nation ; fince our refinement, and 
mutual dependence on each other, have created a new fet 
of wants which require to be fupplied. The cultivation 
of the arts is therefore become almoft as neceffary as that 
of the ground \ and the true means of fecuring thefe two 
foundations of the reputation and profperity of a ftate, 
confift in encouraging the fcience of Chemiftry, which 
difcovers their principles. If this truth were not univer- 
fally acknowledged, I might on the prefent occasion give 
an account of the fuccefs with which my labours have been 
attended in this province*. I might even call upon the 
public voice ; and it would declare that, fince the eftablifh- 
ment oflectures on chemiftry, between three and four 
hundred perfons have every year derived advantage from 
inftru£tions in this fcience. It is well known that our an- 
cient fchools of medicine and furgery, whofe fuccefs and 
fplendour are connected with the general intereft of this 
province, are more flourifhing and more numerous fince 
that period. And with the fame confidence I might ap- 
peal to the public, that our manufactures are daily increa- 
fing in perfection ; that feveral new kinds of induftry have 
been introduced into Languedoc ; that, in a regular fuc- 
cefiion, abufes have been reformed in the manufactories, 
while the proceiTes of the arts have been fimplified ; that 
the number of coal mines actually wrought is increafed ; 
and that, upon mv principles, and in confequence of mv 

C 
* Languedoc. 
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care and attention, manufactories of alum, of oil of 
vitriol, of copperas, of brown red, of artificial pozzolana, 
of cerufe, of white lead, and others, have been eftablifhed 
in feveral parts of the province. 

Chemiftry is therefore effentially connected with the re- 
putation and profperity of a date ; and at this peculiar 
inftant, when the minds of men are univerfally bufied in 
fecuring the public welfare, every citizen is accountable to 
his country for all the good which his peculiar fituation 
permits him to do. Every one ought to haiien, and pre- 
fent to fociety the tribute of thofe talents which heaven 
has bellowed on him ; and there is no one who is not able 
to bring fome materials, and depofit them at the foot of 
the fuperb ediiice which the virtuous adminiftrators are 
railing for the welfare of the whole. It is with thefe views 
that I have prefumed to offer to my countrymen the work 
which I at prefent publifh ; and I entreat them to exer- 
cife their feverity upon the intention of the author only, 
but to referve all their indulgence to the work. 

I publifh thefe elements of Chcmiflry with the greater 
confidence, becaufe I have had opportunities my (elf of ob- 
ferving the numerous applications of the principles which 
conftitute its bafis to the phenomena of nature and art. 
The immenfe eftabliihment of chemical products which I 
have formed at Montpellier, has allowed me to purfue 
the development of this doctrine, and to obferve its agree- 
ment wi'h all the facts which the various operations pre- 
fent to us. It is this doctrine alone which has led me to 
fimplify moil of the proceffes, to bring fome of them to 
perfection, and to rectify all my ideas. It is therefore with 
the moft intimate confidence that I propofe it. I find no 
difficulty in making a public acknowledgment that I have 
for; fome time taught a different doctrine from that which 
I at prefent offer. I then believed it to be true and folid ; 
but I did not on that account ceafe to confult nature. I 
have conftantly entered into this refearch with a mind 
eager for improvement. Natural truths were capable of 
fixing themfelves with all their purity in my mind, becaufe 
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I had banifhed prejudice ; and infenfibly I found myfelf 
drawn by the force of facts to the doctrine I now teach. 
Let other principles imprefs the fame conviction on my 
mind ; let the fame number of phenomena and facts ex- 
hibit themfelves in their favour ; the fame number of 
happy applications to the operations of nature and of art ; 
let them appear to my mind with all the facred characters 
of truth ; and I will publifh them with the fame zeal ; and 
with the fame intereft. I condemn equally the man who, 
attached to the ancient notions, refpects them fo much 
as to rejedt without mature examination every thing 
which appears to oppofe them ; and him who embraces 
with enthufiafm, and almoft without reflection, the prin- 
ciples of any new doctrine. Both are worthy of compaf- 
fion if they grow old in their prejudices ; and both are 
worthy of blame if they perpetuate them. 

I have been careful to bariifh all difcuffions from my 
work. That fpirit of party which but too often caufes a 
divition between perfons who are purfuing the fame ob- 
jects, that tone of bitternefs which predominates in certain 
difputes, that want of candour which is infenfibly pro- 
duced by the movements of felf-love, have but too long- 
retarded the progrefs of our knowledge. The love ot 
truth is the only pafiion which a philofopher ought to 
indulge. The fame object, the fame intereft, tend to 
unite chemifts. Let the lame fpirit infpire them, and 
direct all their labours. Then we mall foon behold che- 
rniitry advancing in a rapid progrefs ; and its cultivators 
will be honoured with the fuffra^e and the gratitude of 
tiieir countrymen. 

I have endeavoured in this work to explain my ideas 
with clearnefs, precifion, and method. 1 know by expe- 
rience that the fuccefs of any work, and its various de- 
grees of utility, often depend on the form under which 
the doctrine which it contains is diiplayed ; and it has ac- 
cordingly been my intention to fpare no pains in exhibit- 
ing the truths which form the bafis of this work in all 
the characters they are jiiftly entitled to. 



xx Advertijement 

In compofing thefe elements of chemiftry, I have 
availed myfelf with advantage of all the rafts which I 
have found in the works of the celebrated chemifts who 
adorn this age. I have even made no fcruple to follow 
their method in drawing up certain articles ; and have 
transferred into my own work, almofl without alteration, 
thofe facts which 1 have elfewhere found defcribed with a 
greater degree of precifion and perfpicuity than I might 
have been capable of beftoing on them. This pro- 
ceeding, in my opinion, renders homage to authors in- 
ftead of robbing them. If fuch a proceeding might juftify 
reclamations, MefTrs. Lavoiller, De Morveau, Berthollet, 
De Fourcroy, Sage, Kirwan, &c. might eaiily declare 
aq;ainft me. 

o 

I was well aware that the pretention of knowing, difcufs- 
ing and methodically diftributing the whole of our prefent 
fcience of chemiftry, was an enterprife beyond my ability. 
This fcience has made fo great a progrefs, and its appli- 
cations are fo multiplied, that it is impoffible to attend to 
the whole with the fame care : and it appears to me that 
the writer of an elementary work ought at prefent to 
attend principally to the development of general princi- 
, and content himfelf in pointing out the confequen- 
ces, and their applications. In this way of proceeding 
we lhaU follow the method which has long been praclifed 
in the ftudy of the mathematics ; the principles of which, 
nearly iniulated, andfeparated from all application, form 
the firft ftudy of him who means to acquire them. 

To obtain a thorough acquaintance with all the know- 
ledge which has been acquired in chemiftry until our time, 
the chemical part of the Encyclopedic Me'thodique may 
beconfuhed. In this work the celebrated author gives 
the moft interefting account of the progrefs of the fcience. 
Here it is that he difcuffes the fcveral opinions with that 
candour and energy which become the man of letters 
whofe mind is directed to truth only. Here it is that he 
has made a precious depofit of all the knowledge yet ac- 
quired, in order to prefent to us in the fame point of view 
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all which has been done, and all which remains to be 
done : and here, in a word, it is that Mr. De Morveau 
has rendered the moft linking homage to the truth of 
the doctrine we now teach ; becaufe, after having com- 
bated tome of its principles in the firft volume, he has had 
the courage to recant the moment the facts feen in a bet- 
ter point of view, and repeated experiments, had fuffici- 
ently enlightened him. This great example of courage 
and candour is doubtlefs honourable to the learned man 
who srives it ; but it cannot fail to add ftill more to the 
confidence which may be placed in the doctrine which is 
its object. 

The development of the principles upon which the 
New Nomenclature is eftablifhcd, may be found in the 
Elementary Treatife of Chemiftry of Mr. Lavoiiicr ; and 
I refer likewife to this excellent work for the figure and 
explanation of all the apparatus I mail have occafion to 
fpeak of. I take this ftep the more earneftly, becaufe, by 
afTociating my own productions to thofe of this celebrated 
chemift, I entertain the hope of fecuring their fucceft, 
and can deliver them into the hands of the public with 
the greater confidence. 
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__T appears that the ancient nations pofleffed fome 
notions of chemiftry. The art of working metals, which 
dates from the moft remote antiquity ; the luftre which 
the Phoenicians gave to certain colours ; the luxury of 
Tyre : the numerous manufactures which that opulent 
city included within its walls — all announce a degree of 
perfection in the arts, and fuppofe a confiderable extent 
and variety of chemical knowledge. But the principles of 
this fcience were not then united into a body of dodtrine ; 
they were concentrated in the workfhops of the manu- 
factures, where they had their origin : and obfervations 
alone, tranfmitted from one operator to another, enlight- 
ened and conducted the fleps of the artifts. Such, no 
doubt, has been the origin of all the fciences. At firft they 
prefented unconnected facts ; truths were confounded with 
error; time and genius alone could clear up the confufion ; 
and the progrefs of information is always the fruit of flow 
and painful experiment. It is difficult to point out the 
precife epocha of the origin of chemical fcience ; but we 
find traces of its exigence in the moft remote ages. Agri- 
culture, mineralogy, and all the arts which are indebted to 
it for their principles, were cultivated and enlightened. 
We behold the original nations, immediately mcceeding 
the fabulous ages, furrounded by all the arts which lup- 
plied their wants ; and we may compare chemiftry to that 
famous river whofe waters fertilize the lands they inun- 
date, but whofe fources are ftill to us unknown. 

Egypt, which appears to have been the nurfe of che- 
miftry reduced to principles, was not flow in turning the 
applications of this fcience towards a chimerical end. 
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The firft feeds of chemiftry were foon changed by the paf- 
iion of making gold. In a moment all the labours of ope- 
rators were directed towards alchemy alone ; the great ob- 
ject of ftudy became fixed on an endeavour to interpret fa- 
bles, allufions, hieroglyphics, See. ; and the induftry of fe- 
veral centuries was confecrated to the enquiry after the 
philofopher's ftone. But though we admit that the alche- 
mifts have retarded the progrefs of chemiftry, we are very 
far from being difpofed to any outrage on the memory of 
thefe philofophers ; we allow them the tribute of efteem 
to which on fo many accounts they arc entitled. The pu- 
rity of their fentiments, the fimplicity of their manners, 
their fubmiffion to Providence, and their love for the 
Creator, penetrate with veneration all thofe who read 
their works. The profoundeft views of genius are every 
where feen in their writings, allied with the moil extrava- 
gant ideas. The mpft fublimc truths are degraded by ap- 
plications of the moft ridiculous nature ; and this afto- 
nifhing contrail of fuperftition and philofophy, of light 
and darknefs, compels us to admire them, even at the in- 
fiant that we cannot withhold our ceniure. We muft not 
confound the feet of alchemifts, of whom we fhall proceed 
to fpeak, with that crowd of impoftors, that fordid mul- 
titude of operators at the furnace, whofe refearches were 
directed to the difcovery of minds capable of being impo- 
fed upon, who fed the ambition of fiich weak minds by 
the deceitful hope of inc.reafing their riches. This lair, 
clafs of vile and ignorant men has never been acknow- 
ledged by the true alchemifts ; and they arc no more en- 
titled to that name, than the vender of fpecilics on the 
itage to the honourable name of Phyfician. 

The hope of the alchemift may indeed be founded on a 
flender bafis ; but the great man, the man of genius, even 
at the time when he is purfuing an imaginary object, 
knows how to profit by the phenomena which may pre- 
fent themfelves, and derives from his labours many ufeful 
truths which would have efcaped the penetration of ordi- 
nary men. Thus it is that the alchemifts have fucceffively 
enriched pharmacy and the arts with moft of their compo- 
sitions. Tneftrong defire of acquiring riches has in all 
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times been a pafTion fo general, that this Tingle motive has 
been fufficient to lead many perfons to the cultivation of a 
fcience which has more relation than any other to metals ; 
which findies their nature more particularly, and appears 
to facilitate the means of cornpoiing them. It is known 
that the Abdarites did not begin to confider the fciences as 
an occupation worthy a reafonable man, until they had 
feen a celebrated philofopher enrich himfelf by fpecula- 
tions of commerce ; and I do not doubt but that the deiire 
of making gold has decided the vocation of feveral che- 
mifts. We are therefore indebted to alchemy for feveral 
truths, and for feveral chemical profeffors : but this obli- 
gation is fmall in companion to the mafs of ufeful truth 
which might have been afforded during the courfe of feve- 
ral centuries ; if, inftead of endeavouring to form the me- 
tals, the operations of chemifls had been confined to ana- 
lyiing them, Amplifying the means of extracting them, 
combining them together, working them, and multiplying 
and rectifying their ufes. 

The rage for making gold was fucceeded by the feduc- 
tive hope of prolonging life by means of chemiftry. The 
perfuafion was eafily admitted, that a fcience which affords 
remedies for all diforders, might without effort fucceed in 
affording a univerfal medicine. The relations which have 
been handed down to us of the long life of the ancients, 
appeared to be a natural effect of their knowledge in che- 
miftry. The numerous fables of antiquity obtained the 
favour of being admitted among eftabliihed fafts ; and the 
alchemifts, after having exhaufted themfelves in the fearch 
after the philofopher's ftone, appeared to redouble their 
efforts to arrive at an object ftill more chimerical. At this 
period the elixirs of life, the arcana, the polychreft medi- 
cines, had their origin ; together with all thofe monftrous 
preparations, of which a few have been handed down 
even to our days. 

The chimera of the univerfal medicine agitated the 
minds of moil men in the fixteenth century ; and immor- 
tality was then promiied with the fame effrontery as a 
Charlatan now announces his remedy for every difeafe. 
The people are eafily feduced by thefe ridiculous promifes; 

t) 
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but the man of knowledge can never be led to think 
that chemiftry can fuccced in reverfing that general law of 
nature which condemns all living beings tu renovation, 
and a continual circulation of dccompofitions and fuccef- 
iive generations. This feet gradually became an object of 
contempt. The enthufiaft Paracelfus, who, after having 
flattered himfeif with immortality,died at theageof forty- 
eight at an inn at Saltfourg, completed its difgrace. — 
From that moment the fcattered remains of this feet united 
themfelves, never more to appear again in public. The 
light which began to mine forth on all fides, rendered it 
neceffary that they mould have recourfe tofecrecy and ob- 
fcurity ;' and thus at length chemiftry became puiiiied. 

James Barner, Bolmius, Tachenius, Kunckel, Boyle, 
Crollius, Glafer, Glauber, Schroder, &c. appeared on 
the ruins of thefe two feels, to examine this indigefted 
aggregate, and feparate from the confufed mafs or pheno- 
mena, of truth and of error, every thing which could 
tend to enlighten the fcience. The feci: of the adepts, 
urged on by the madnefsof immortality, had difcovered 
many remedies ; and pharmacy and the arts then became 
enriched with formulae and compolltions, whole opera- 
tions required only to be rectified, and their applications 
better eftimated. 

Nearly at the fame time appeared the celebrated Becher. 
He withdrew chemiftry from the too narrow limits of 
pharmacy. He fhewed its connection with all the pheno- 
mena of nature ; and the theory of the formation of me- 
tals, the phenomena of fermentation, the laws of putre- 
faction, were all comprehended and developed by this 
fuperior genius. Chemiftry was then directed to its true 
object : and Stahl, who fucceeded Becher, reduced to 
certain general principles all the facts with which his pre- 
decefior had enriched the fcience. He fpoke a language 
lefs enigmatical ; he clafled all the facts with order and 
method; and purged the fcience of that alchemic infection, 
to which Becher himfeif was too much attached. But if 
we confider how great are the claims of Stahl, and how 
few the additions which have been made to his doctrine 
until the middle of this century, we cannot but beafton- 
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ifhcd at the fmall progrefs of the fcience. Wlien we con- 
fult the labours of the chemifts who have appeared iince 
the time of Stahl, we lee moft of them chained down to 
the fteps of this great man, blindly fubfcribing to all his 
ideas ; and the labour of thinking appeared no longer to 
exift among them. Whenever a well-made experiment 
threw a gleam of light unfavourable to his doctrine, we 
fee them torment themfelves in a ridiculous manner to 
form a delufive interpretation. Thus it was that the 
increafe of weight which metals acquire by calcination, 
though little favourable to the idea of the Subtraction of a 
principle without any other addition, was neverthelefs 
incapable of injuring this doctrine. 

The almoft religious opinion which enflaved all the che- 
mifts to Stahl, has no doubt been pernicious r.o the pro- 
grefs of chemiftry. But the ftrong delire of reducing 
every thing to firft principles, and of eftablifhinga theory 
upon incomplete experiments, or facts imperfectly feen, 
did not admit of the fmalleft obftacles. From the moment 
that analyfis had ftiewn fome of the principles of bodies, 
thechemift thought himfelf in pofTeihon of the firft agents 
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of nature. He coniidered himfelf as authorized to regard 
thofe bodies as elements which appeared no longer fuicep- 
tible of being decompofed. The acids and the alkalis per- 
formed the principle part in natural operations : and it 
appeared to be a truth buried in oblivion, that the term 
where the artift ftops is not the point at which the Crea- 
tor has limited his power : and that the laft remit of ana- 
lyfis does indeed mark the limits of art, but does not 
fix thofe of nature. We might likewife reproach certain 
chemifts for having "too Ions; neglected the operations of 
tiie living iyftems. They confined themfelves in their labo- 
ratories, ftudied no bodies but in their iifelefs ftate, and 
were Incapable of acquiring any knov ledge but fuch as was 
very incomplete : for he who, in his refearches, has no 
other object in view than that of ascertaining the princi- 
ples of a fubftance, ads like a phyfician who fhouid fup- 
pofe he had acquired a complete notion of the human 
body by confining his ftudies to the dead carcafe. But 
we muft likewife obferve that, in order to form a proper 
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notion of the phenomena of living bodies, it is ncceflary 
to poflefs the means of confining the gafeous principles 
which efcapc from bodies ; and of analyiing thcle volatile 
and invihble fubftances which combine together. Now 
this work was impoflible at that time; and we ought to 
beware of imputing to men thofe errors which arife from 
the ftate of the times in which they lived. 

It may perhaps be demanded, on this occafion, why che- 
miftry was fooner known, and more generally cultivated, 
in Germany and in the North than in our kingdom. I 
think that many reafons may be given for this. In the 
firfl place, the fcholars of Stahl and of Becher mud have 
been more numerous, and coufequently their inflructkm 
farther extended. Secondly, the working of mines ha- 
ving become a refource neceffary to the governments of 
the North, has been fingularly encouraged ; and that 
chemiftry which enlightens mineralogy mure neceflarily 
have participated in its encouragements*. 

The ftudy of chemiflry did not begin to be cultivated 
to advantage in France until the end of the laft century. 
The firft wars of Louis XIV. fo proper to develope the 
talents of the artift, the hiftorian, and the military man, 
appeared little favourable to the peaceable ftudy of nature. 
The naturalifl who in his refearches fees union and harmo- 
ny around him, cannot be an indifferent fpe&ator of the 



* Sir.ce the French government has facilitated the ftudy of minera- 
logy by the mod fuperb eitablifhments, we have beheld the tafte for che- 
miftry revive, the arts which have the working of metals for their object 
have been rendered more perfect., and the mine:, which have been 
wrought are more numerous. Mr. Sage has been more particularly 
afliduous and zealoas to turn the favour of government towards this ob- 
ject. I have been a witnefs to the laborious attention of this chemift to 
effect this revolution. I have beheld the perfonal facrifices he made to 
bring it forward. I have applauded his zeal, his motive;, aud his 
talents. The fame fentiments ftill occupy my mind ; and though I 
teach a doctrine at prefent which is different from his, this circumftance 
arifes from the impolfibility of commanding opinions. The philofopher 
who is truly worthy of this name, is capable of diftinguifhing the fVicnd 
of his heart from the Have of his fyffem: and, in a word, every one 
ought to write according to his conviction; the moft facred axiom of the 
fciences being, " Amicus Plato, fed raagis arnica Veritas." 
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continual fcenesof diforder and deftruction; and his genius 
is crufhed in the midft of troubles and agitations. The 
mind of the great Colbert, deeply penetrated with thefe 
truths, quickly endeavoured to temper the fire of difcord, 
by turning the minds of men towards the only objects 
which could fecure the peace and profperity of the itate. 
He exerted himielf to render trade flourifhing : he efta- 
blifhed manufactories : learned men were invited from all 
parts, encouraged, and united together, to promote his 
vaft projects. Then it was that the ardour of enquiry 
replaced for a time the fury of conqueft ; and France very 
foon ftood in competition with all nations for the rapid 
progrefs of the feiences, and the perfection of the arts. 
Lemery, Homberg, and GeoiTroy arofe nearly at the 
fame time ; and other nations were no longer entitled to 
reproach us for the want of chemifts. From that mo- 
ment the exiitence of the arts appeared to be well aftur- 
ed. All the feiences which afford their firft principles, 
were cultivated with the greater! fuccefs : and it will 
fcarcely be credited that, in the fpace of a few years, the 
arts were drawn from a itate of non-entity; and carried to 
fuch a degree of perfection, that France, which had be- 
fore received every thing from foreign countries, became 
in poffefTion of the glory of fupplying its neighbours with 
models and with merchandizes. 

Chemiftry and natural hiftory, however, at the begin- 
ning of this century, were cultivated only by a very fmail 
number of perfons ; and it was then thought that the ftu- 
dy of thefe feiences ought to be confined to the academies. 
But two men, whofe names will be ever famous, have 
rendered the tafte general under the reign of Louis XV. 
The one pofFefTed that noble fpirit which is a ftranger to 
the power of prejudice, that indefatigable ardour which 
fo eafily overcomes every obftacle, that opennefs of cha- 
racter which infpires confidence, and transfufed into the 
minds of his pupils that enthufiafm of which he himfelf 
felt the force. While Rouelle enlightened the fcience of 
chemiftry, Buffon prepared a revolution ftill more afto- 
nifhing in natural hiftory. The naturalifls of the North 
had fucceeded in caufmg their productions to be read by a 
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frnall number of the learned; but the works of the French 
naturalift were foon, like thofe of nature, in the hands 
of the whole world. He poffefled the art of diffufing 
through his writings that lively intereft, that enchanting 
colouring, and that delicate and vigorous touch, which 
influence, attach, and fubdue the mind. The profundity 
of his reafoning is every where united to all that agree- 
able illufion which the moll brilliant imagination can fur- 
ni£h. The facred fire of genius animates all his produc- 
tions; his fyftems conftantly exhibit the moft fublime prof- 
peels in their totality, and the molt perfect correspondence 
in their minute parts : and, even when he exhibits mere 
hypothefes, we arc inclined to perfuade ourfelves that 
they arc eftablirhcd truths. We become like the artift 
who, after having admired a beautiful fhtuc, ufed his 
efforts to perfuade himfelf that it refpired, and removed 
every thing which could diflipate his illufion. We take 
up his work with a pleafurc refembling that of the man 
who turns again to fleep, in hopes of prolonging the 
deception of an agreeable dream. 

Thefe two celebrated men, by diiTufmg the tafte for 
chemiftry and natural hiftory, by making their relations 
andufes better known, conciliated the favour of govern- 
ment towards them ; and from that moment every one 
interefted himfelf in the progrefs of both fciences. Thofe 
perfons who were beft qualified in the kingdom, battened 
to promote the revolution which was preparing. The 
fciences foon inferibed in their lift of cultivators the be- 
loved and refpe&ed names of La Rochefoucault, A yen, 
Chaulnes, Lauraguais, Malefherve, &c. ; and thefe men, 
diftinguifhed by their birth, were honoured with a new 
fpecies of glory, which is independent of chance or pre- 
judice. They enriched chemiftry with their difcoveries, 
and afTociated their names with ail the other literati who 
purfued the fame career. They revived in the mind of 
the chemift that paffion for glory, and that ardour for the 
public good, which continually excite new efforts. The 
man of ambition and intrigue no longer endeavoured to 
deprefs the modeft and timid man of genius. The credit 
of men in place ferved as a defence and fupport aaainft 
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calumny and perfecution. Recompences were afligned to 
merit. Learned men were difpatched into all parts of the 
world, to ftudy the arts, and colled their productions. 
Men of the firft merit were invited to inftruct us with 
regard to our own proper riches ; and eftablifhments of 
chemiftry which were made in the principal towns of the 
kingdom, dirTufed the tafte for this fcience, and fixed 
among us thofe arts which we might in vain have attempt- 
ed t© naturalize, if a firm bafis had not been firft laid. 
The profeffors eftablifhed in the capital, and in the pro- 
vinces, appeared to be placed between the academies and 
the people, to prepare the latter for thofe truths which 
flow from fuch refpectable affociations. We may confider 
them as a medium which refracts and modifies the rays of 
light that ifTue from thofe various luminous centres ; and 
directs them towards the manufactories, to enlighten and 
improve their practice. Without thefe favours, without 
this confideration and thefe recompences, could it have 
been expected that the mod unaffuming among philofo- 
phers would have exerted hirnfelf to promote the reputa- 
tion of a people to whom he was unknown ? Could a man 
fo fituated reafonably hppe to fucceed in carrying a difco- 
very into effect ? Is it probable that he fhould have poffef- 
fed a fufhcient fortune to work in the large way, and by 
this means alone to overcome the numberlefs prejudices 
which banifh men of fcience from manufactories ? The 
contemplative fciences demand of the fovereign repofe and 
liberty only; but experimental fciences demand more, for 
they require afliftance and encouragement. What indeed 
could be hoped in thofe barbarous ages, wherein the che- 
mift fcarcely durft avow the nature of the occupation 
which in fecret conftituted his greatefl pleafure. The 
title of Chemift was almoft a reproach : and the prejudice 
which confounded the profeflors of this fcience with fuch 
wretched projectors as arc entitled only to pity, has pro- 
bably kept back the revival of the arts for feveral centu- 
ries ; for chemiftry alone can afford them a proper bafis. 
If the princes of nail times had been friends of the arts, and 
jealous to acquire a pure and durable reputation ; if they 
had been careful to honour the learned, to collect their 
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valuable labours and to tranfmit to us without alteration 
the precious annals of human genius ; we mould have 
been difpenfed from labouring among the rubbim of early 
times, to confult a few of thofe remains which have efca- 
ped the general wreck ; and we mould have been i'pared 
the regret of allowing, after many ufelefs refearches, that 
the mailer-pieces of antiquity which remain anfwer fcarce- 
ly any other purpofe than to give us an idea of that fupe- 
riority to which the earlier nations had arrived. Time, 
the i'word, fire, and prejudice have devoured all ; and 
our refearches ferve only to add to our regret tor the 
lofTes which the world has fuftained. 

The fcience of chemiftry poffeffes the glory, in our 
days, not only of having obtained the protection of go- 
vernment, but it may likewife boaft of another equally 
elevated. This fcience has fixed the attention, and for- 
med the occupation, of various men in whom the habit: 
of a profound ftudy of the accurate fciences had produced 
a neceflity of admitting nothing but what is proved, and 
of attaching themfelves only to fuch branches of know- 
ledge as are fufceptible of ftric~r proofs. Meflrs. De la 
Grange, Condorcet, Vander, Monde, Monge, De la 
Place, Meufnier, Coufm, the moil celebrated mathema- 
ticians of Europe, are all interefted in the progrefs of 
this fcience, and moil of them daily add to its progrefs 
by their difcoveries. 

So great amafs of inftru£tion,and fuchample encourage- 
ment, could not but effeft a revolution in the fcience it- 
ielf ; and we are indebted to the combined efforts of all 
theie learned men for the difcovery of feveral metals, the 
creation of various ufeful arts, the knowledge of a num- 
ber of advantageous proceffes, the working of feveral 
mines, the analyfis of the gafes, the decomposition of wa- 
ter, the theory of heat, the doclrine of combuftibn ; and 
a mafs of knowledge fo abfolute and fo extended, refpecl- 
ing all the phenomena of art and of nature, that in a 
very fnort time chemiftry has become a fcience entirely 
new. We might now fay with much more truth what 
the celebrated Bacon affirmed of the chemiftry of his time ; 
" A new phiiofophy," fays he, " has iiTued from the 
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furnaces of the chemifts, which has confounded all the 
reafonings of the ancients." 

But while difcoveries became infinitely multiplied inche- 
miftry, the neceffity of remedying the confufion which had 
fo long prevailed, was foon feen, and indicated the want 
of a reform in the language of this fcience. There is fo 
intimate a relation between words and facts, that the revo- 
lution which takes place in the principles of a fcience 
ought to be attended with a fimilar revolution in its lan- 
guage : and it is no more poffible to preferve a vicious 
nomenclature with a fcience which becomes enlightened, 
extended, and fimplified, than to poliih, civilize, and in- 
ftrucT: uninformed man without making any change in his 
natural language. Every chemift who wrote on any fub- 
ject was ftruck with the inaccuracy of the words in com- 
mon ufe, and confidered himfelf as authorized to intro- 
duce fome change ; infomuch that the chemical language 
became infer. fibly longer, more confufed, and more un- 
pieafant. Thus carbonic acid has been known, during 
the courfe of a few years, under the names of Fixed Air, 
Aerial Acid, Mephitic Acid, Cretaceous Acid, &c. ; 
and our pofterity may hereafter diipute whether thefe 
various denominations were not applied to different fub- 
ftanccs. The time was therefore come, in which it was 
neceilary to reform the language of chemiflry; the imper- 
fections of the ancient nomenclature, and the difcovery of 
many new fubftances, rendered this revolution indifpenfa- 
ble. But it was neceifary to defend this revolution from 
the caprice and fancy of a few individuals ; it was necef- 
fary to eftablilh this new language upon invariable princi- 
ples : and the only means of infuring this purpofe was 
doubtlefs that of erecting a tribunal in which chemifts of 
acknowledged merit mould difcufs the words received 
without prejudice and without intereft ; in which the 
principles of a new nomenclature might be eftablifhed 
and purified by the fevereft logic ; and in which the lan- 
guage fhould be fo well identified with the fcience, the 
word fo well applied to the fact, that the knowledge of 
the one mould lead to the knowledge of the other. This 

E 
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was executed in 1788 by Meffrs. De Morveau, Lavoifier, 
Berthollet, and De Fourcroy. 

In order to eftablifh a fyftem of nomenclature, bodies 
lnuft be confidered in two different points of view, and 
ciilributed into two claffes ; namely, the clafs of fimple 
fubftances reputed to be elementary, and the clafs of com- 
bined fubftances. 

1. The mod natural and fuitable denominations which 
can be afiigned to fimple fubftances, mull be deduced from 
a principle and chara&eriftic property of the fubftance 
intended to be exprefled. They may likewife be diftin- 
guifhed by words which do not prefent any precife idea 
to the mind. Moil of the received names are eftablifhed 
on thislaft principle, iuchas the names of Sulphur,Phofpho- 
rus, which do not convey anyfignification in our language, 
and produce in our minds determinate ideas only, becaufe 
ufage has applied them to known fubftances. Thefe words, 
rendered facred by ufe, ought to be preferved in a new 
nomenclature ; and no change ought to be made, except- 
ing when it is propofed to rectify vicious denominations. 
In this cafe the authors of the New Nomenclature have 
thought it proper to deduce the denomination from the 
principal characleriftic property of the fubftance. Thus, 
pure air might have been called Vital Air, Fire Air, or 
Oxigenous Gas ; becaufe it is the balis of acids, and the 
aliment of refpiration and combuftion. But it appears to 
me that this principle has been in a irnall degree departed 
from when the name of Azotic Gas was given to the 
atrnofpherical mephitis — 1. Becaufe, none of the known 
gafeous fubftances excepting vital air being proper for 
refpiration, the word Azote agrees with every one of them 
except one ; and confequently this denomination is not 
founded upon an exclufive property, diftinctive and cha- 
racleriftic of the gafsitfelf. 2. This denomination being 
once introduced, the nitric acid ought to have been called 
Azotic Acid, and its combinations Azotates; becaufe the 
acids are propofed to be denoted by the name which 
belongs to their radical. 3. If the denomination of Azotic 
Gas does not agree with this aeriform fubftance, the name 
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of Azote agrees ftill lefs with the concrete and fixed fub- 
ftance ; for in this ftate all the gafes are effentially azotes. 
It appears to me therefore thatthe denomination of Azotic 
Gas is not eftablifhed according to the principles which 
have been adopted ; and that the names given to the feve- 
ral mbftances of which this gas conftitutes one of the ele- 
ments, are equally removed from the principles of the 
Nomenclature. In order to correct the Nomenclature on 
this head, nothing more is neceifary than to fubftitute to 
this word a denomination which is derived from the gene- 
ral fyftem made ufe of ; and I have premmed to propofe 
that of Nitrogene Gas. In the firft place, it is deduced 
from the characteriftic and excluiive property of this gas, 
which forms the radical of the nitric acid. By this means 
we mall preferve to the combinations of this fubftance the 
received denominations, fuch as thofe of the Nitric Acid, 
Nitrates, Nitrites, &c. In this manner the word which 
is afforded by the principles adopted by the celebrated 
authors of the Nomenclature, caufes every thing to re- 
turn into the order propofed to be eftablifhed. 

2. The method made ufe of to afcertain the denomina- 
tions fuitable to compound mbftances, appears to me to 
be fimple and accurate. It has been thought that the 
language of this part of fcience ought to prefect the 
analyfes ; that the words mould be only the expreffion of 
facls ; and that confequently the denomination applied by 
a chemift to any fubftance which has been analyfed, ought 
to render him acquainted with its conftituent parts. By 
following this method, the Nomenclature is as it were 
united, and identified with the fcience ; and facts and 
words agree together. Two things are therefore united, 
which until this time appeared to have no mutual relation, 
the word, and the fubftance which it reprefented ; and 
by this means the fhidy of chemiftry is Amplified. But 
when we apply thefe inconteilable principles to the various 
objects of chemiftry, we ought to follow the analyfis ftep 
by ftep, and upon this ground alone eftablifh general and 
individual denominations. We ought to obierve that it 
is from this analytical method that the various denomina- 
tions have been afligned, and that the methodical diftri- 
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butions of natural hiftory have been at all times made. 
If man were to open his eyes for the firft time upon the 
various beings which people or compofe this globe, he 
would eftablifh their relation upon the comparifon of 
their mod evident properties, and no doubt would found 
his firft divifions upon the moil fenfible differences. The 
various modes of exiftence, or their feveral degrees of 
confiftence, would form his firft divifion ; and he would 
arrange them under the heads of folid, liquid, or aeriform 
bodies. A more profound examination, and a more 
connected analyfis of the individuals, would foon con- 
vince him that the fubftances which certain general rela- 
tions had induced him to unite in the fame clafs, under a 
generic denomination, differed very effentially among each 
other, and that thefe differences neceffarily required 
fubdiviiion. Hence he would divide his folid bodies into 
ftones, metals, vegetable fubftances, animal fubftances, 
&c. his liquids would be divided into water, vital air, 
inflammable air, mephitic air, &c. When he proceeded 
to carry his refearches on the nature of thefe fubftances 
ftill farther, he would perceive that mod of the indivi- 
duals were formed by the union of fimple principles ; and 
here it is that his applications of the fyftem to be followed, 
in afligning a fuitable denomination to each fubftance, 
would begin. To anfwer this purpofe, the authors of 
the New Nomenclature have endeavoured to exhibit 
denominations which may point out the conftitucnt prin- 
ciples. This admirable plan has been carried into execu- 
tion as far as relates to fubftances which are not very com- 
plicated, fuch as the combinations of the principles with 
each other; the acids, earths, metals, alkalis, &c. 
And this part of the Nomenclature appears to me to leave 
nothing more to be defircd. The explanation may be 
feen in the work publifhed on this fubjeel by the authors, 
and in the Elementary Trcatife of Chemiftry of Mr. 
Lavoifier. I mail therefore do nothing more in this place 
than prefent a fketch of the method I have followed ; 
taking for example the combinations of acids, which 
form the molt numerous clafs of compounds. 
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The firfl ftep confiftcd in comprehending Under a gene- 
ral denomination the combination of an acid with any- 
given baiis ; and in order to obferve a more exact, arrange- 
ment, and at the fame time to aflift the memory, one 
common termination has been given to ail words which 
denote the combination of an acid. Hence the words Sul- 
phates, Nitrates, Muriates, are ufed to denote combina- 
tions of the fulphuric, nitric, and muriatic acids. The 
kind of combination is denoted by adding to the generic 
word the name of the body which is combined with the 
acid; thus, the fulphate of pot-afh expreffes the combi- 
nation of the fulphuric acid with pot-afh. 

The modifications of thefe fame acids, dependant on the 
proportions of their conftituent principles, form falts dif- 
ferent from thofe we have juft fpoken of; and the au- 
thors of the New Nomenclature have exprefied the modi- 
fications of the acids by the termination of the generic 
word. The difference in the acids arifes almofl always 
from the greater or lefs abundance of oxigene. In the 
firft cafe, the acid afiumes the epithet of Oxigenated ; 
hence the oxigenated muriatic acid, the oxigenated ful- 
phuric acid, &c. In the fecond cafe, the termination 
of the word which denotes the acid, ends in ous ; hence 
the fulphurous acid, the nitrous acid, &c The com- 
binations of thefe laft form fulphitcs, nitrites, &c. ; the 
combinations of the former compofe oxigenated muri- 
ates, oxigenated fulphates, &c. 

The combinations of the various bodies which com- 
pofe this globe are not all as fimple as thofe here men- 
tioned ; and it may be immediately perceived how long 
and troubiefome the denominations would be, if attempts 
were made to beftow a finglc denomination which mould 
denote the conftituent principles of a body formed by the 
union of five or fix principles. In this cafe, the prefer- 
ence* has been given to the received appellation, and 
no other changes have been admitted but fuch as were 
neceffary in order to fubftitute proper appellations inftead 
of thofe which afforded notions contrary to the nature of 
the objects they were applied to. 
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I have adopted this Nomenclature in my lectures, and in 
my writings; I have not failed to perceive how very advanta- 
geous it is to the teacher,howmuch it relieves the memory, 
how greatly it tends to produce a tafte for chemiftry, and 
with what facility and precifion the ideas and principles 
concerning the nature of bodies fixthemfelves in thcminds 
of the auditors. But I have been careful to infert the 
technical terms ufed in the arts, or received in fociety, to- 
gether with thefe new denominations. I am of opinion 
that, as it is impoffible to change the language of the 
people, it is necefTary to defcend to them, and by that 
means render them partakers of our difcoveries. We 
fee, for example, that the artift is acquainted with the 
fulphuric acid by no other name than that of Oil of Vi- 
triol, though the name of the Vitriolic Acid has been the 
language of chemifts for a century paft. We cannot 
hope to be more happy in this refpect than our predecef- 
fors ; and, fo far from feparating ourfeives from the artift 
by a peculiar language, it is proper that we mould mul- 
tiply the occafions of bringing us together ; fo far from 
attempting to enilave him by our language, we ought 
rather to infpire his confidence by learning his terms. 
Let us prove to the artift that our relations with him are 
more extended than he imagines ; and let us by this 
intimacy eftablifh mutual correfpondence, and a concur- 
rence of information, which cannot but redound to the 
advantage of the arts and of chemiftry. 

After having explained the principal objections which 
have retarded the improvement of chemiilry, and the 
caufes which in our time have accelerated its progrefs, we 
ihall endeavour to point out the principal applications of 
this fcience ; in which attempt, we think, we Ihall fuc- 
ceed beft by cafting a general retrofpecf, over thofe arts 
and fciences which receive certain principles from it. 

Moft of the arts are indebted to accident for theii»dif- 
covery. They are in general neither the fruit or refcarch, 
nor the refult of combination, but all of them have a more 
or lels evident relation to chemiftry. This fcience there- 
fore is capable of clearing up their firft principles, reform- 
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ing their abufes, fimplifying their operations, and acce- 
lerating their progrefs. 

Chemiftry bears the fame relation to moft of the arts, 
as the mathematic have to the leveral parts of fcience 
which depend on their principles. It is poffible, no 
doubt, that works of mechanifm may be executed by one 
who is no mathematician ; and fo likewife it is poffible to 
dye a beautiful fcarlet without being a chemiil : but the 
operations of the mechanic, and of the dyer, are not the 
lefs founded upon invariable principles, the knowledge of 
which would be of infinite utility to the artift. 

We continually hear in manufactories of the caprices 
and uncertainty of operations ; but it appears to me that 
this vague expreffion owes its birth to the ignorance of 
the workmen with regard to the true principles of their 
art. For nature itfelf does not a»Sl with determination and 
difcernment, but obeys invariable laws ; and the inani- 
mate iubftance which we make ufe of in our manufac- 
tures, exhibits necelTary effects, in which the will has no 
part, and confequently in which caprices cannot take 
place. Render yourfelves better acquainted with the 
materials you work upon, we might fay to the artifts ; 
ftudy more intimately the principles of your art ; and you 
will be able to forefee, to predict, and to calculate 
every effecf. It is your ignorance alone which renders 
your operations a continual feries of trials, and a dif- 
couraging alternative of fuccefs and difappointment. 

The public, which continually exclaims that experi- 
ence is better than fcience, encourages and fupports this 
ignorance on the part of the artift ; and it will not be 
remote from our objeel: to attempt to afcertain the true 
value of thefe terms. It is very true, for example, that 
a man who has had a very long experience may perform 
operations with exaclnefs ; but he will always be confined 
to the mere manipulation. I would compare fuch a man 
to a blind perfon who is acquainted with the road, and 
can pafs along it with eafe, and perhaps even with the 
confidence and affurance of a man who fees perfectly well • 
but is at the fame time incapable of avoiding accidental 
obftacies, incapable of fhortening his way or taking the 
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moil direct courfe, and incapable of laying down any rules 
which he can communicate to others. This is the ilate of 
the artift of mere experience ; however long the duration 
of his practice may have been, as the iimple performer of 
operations. 

It may perhaps be replied, that artifts have made very 
important difcoveries in confequence of afliduous labour. 
This is indeed true, but the examples are very fcarce ; and 
we have no right to conclude, becaufe we have feen men 
of genius without any mathematical theory execute won- 
derful works of mechanifm, that the mathematics are not 
the bafis, or that any one has a right to expect to become 
a great mechanic withont a profound fludy of mathema- 
tical principles. 

It appears to be generally admitted at prefent, that 
chemiilry is the bafis of the arts: but the artift will not 
derive from chemiilry all the advantages he has a right 
to expect, until, he has broken through that powerful 
barrier which fufpicion, felf-love, and prejudice have 
railed between the chemift and himfelf. Such philofo- 
phersas have attempted to pals this line, have frequently 
been repeiled as dangerous innovators ; and prejudice, 
which reigns defpotically in manufactories, has not even 
permitted it to be thought that the proceiles were capable 
of improvement. 

It is eafy to mew the advantages which the arts might 
obtain from chemiftry, by cafting a retroijpecf, over its 
applications to each of them in particular. 

i. It appears, from the writings of Columella, that 
the ancients poflefled a confiderable extent of knowledge 
refpecting agriculture, which was at that time confidered 
as the firft and noblelt occupation of man. But when 
once the objects of luxury prevailed over thofe of neceility, 
the cultivation of the ground was lefttothe mere fucceffion 
of practice, and this firft of the arts became degraded by 
prejudices. 

Agriculture ismoreintimately connected with chemiftry 
than is ufually fuppofed. It muft be admitted that every 
man is capable of caufing ground to bear corn ; but what 
a confiderable extent of knowledge is neceflary to caufe 
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it to produce the greateft poflible quantity ! It is not 
enough, for this purpofe, to divide, to cultivate and to 
manure any piece of ground: a mixture islikewife required 
of earthy piinciples fo well afforted, that it may afford a 
proper nourishment ; permit the roots to extend them- 
felves to a diftance, in order to draw up the nutritive jui- 
ces ; give the ftem a fixed bafe ; receive, retain, and af- 
ford upon occafion, the aqueous principle, without which 
no vegetation can be performed. It is therefore effential 
to afcertain the nature of the earth, the avidity with 
which it feizes water, its force of retaining it, &c. ; and 
thefe requifites point to ftudies which will afford principles 
not to be obtained my mere practice but flowly and im- 
perfectly. 

Eve y grain requires a peculiar earth. Barley vege«~- 
tates freely among the dry remains of granite ; wheat 
grows in calcareous earth, &c. And how can it be poffi- 
ble to naturalize foreign products, without a fufficient 
ftock of knowledge to fupply them with an earth fimilar 
to that which is natural to them ? 

The diforders of grain and forage, and the destruction 
of the infects which devour them, are objects of natural 
hiftory and chemiftry : and we have feen in our own times 
the eflential art of drying and preferving grain, and all 
thofe details which are interesting in the preparation of 
bread, carried by the labours of a few chemitts to a de- 
gree of perfection which feemed difficult to have been at- 
tained. 

The art of difpofing ftables in a proper manner, that 
of chufingwater adapted for the drink ofdomeftic animals, 
the ceconomical proceiTes for preparing and mixing their 
food, the uncommon talent of fupplying a proper manure 
fuited to the nature of foils, the knowledge necefTary to 
prevent or to repair the effects of blights — all come with- 
in the province of chemiftry ; and without the afliftance 
of this fcience our proceeding would be painful, flow, and 
uncertain. 

We may at prefent infifl upon the necefllty of chemiftry 
in the various branches of agriculture with fo much the 

F 
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more reafon, as government does not ceafe to encourage 
thk firft of arts by recompences, di ft in cr, ions, and eita- 
blifhments ; and the views of the (late are forwarded by 
the propofal of means to render this art flourifhing. We 
fee, with the greateft fatisfa&ion, that, by a happy re- 
turn of reflection, we begin to confider agriculture as the 
pureft, the moft fruitful, and the moll natural fource of 
our riches. Prejudices no longer tend to opprefs the 
hufbandman. Contempt and fervitude are no longer the 
inheritance received for his inceffant labours. The moft 
ufeful and the moft virtuous clafs of men is likewife that 
whofe ftate is moft minutely conlidered ; and the cultiva- 
tor of the ground in France is at iaft permitted to raife 
his hands in a ftate of freedom to Heaven, in gratitude for 
this happy revolution. 

2. The working of mines is likewife founded upon the 
principles of chemiftry. This fcience akne points out 
and dire&s the feries of operations to be made upon a 
metal, from the moment of its extraction from the earth 
until it comes to be ufed in the arts. 

Before the chemical analyfis was applied to the exa- 
mination of ftones, thefe fubftances were all denoted by 
fuperficial characters, luch as colour, hardnels, volume, 
weight, form, and the property of giving fire with the 
fteel. -All thefe circumftances had given rife to me- 
thods of divifion in which every other property was 
confounded ; but the fucceffive labours of Pott, Mar- 
graaff, Bergmann, Scheele, Bayen, Dietrich, Kirwan, 
Lavoifier, De Morveau, Achard, Sage, Berthoilet, Jer- 
hard, Erhmann, Fourcroy, Mongez, Klaproth, Crell, 
Pelletier, De la Metherie, &c by inftructing us con- 
cerning the conftituent principles of every known (lone, 
have placed thefe fubftances in their proper fituations, 
and have carried this part of chemiftry to the fame de- 
gree of precifion as that which we before pofiefied refpect- 
ing the neutral falts. 

The natural hiftory of the mineral kingdom, unafiifted 
by chemiftry, is a language compofed of a few words, 
the knowledge or which has acquired the name of Mine- 
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ralogift to many perfons. The words Calcareous Stone, 
Granite, Spar, Schoric, Feld Spar, Schiftus, Mica, &c. 
alone compote the dictionary of feverai amateurs of natu- 
ral hiftory ; but the difpoficion of thefe fubftances in the 
bowels of the earth, their refpective pofition in the com- 
poiition of the globe, their formation and facceflive 
decompofitions, their nibs in the arts, and the knowledge 
of their conftituent principles, form a fcience which can 
be well known and inveftigated by the chemift only. 

It is neceifary therefore that mineralogy mould be 
enlightened by the ftudy of chemiftry •. and we may ob- 
ferve that, fince thefe two fciences have been united, 
the labour of working mines has been Amplified, metallic 
ores have been wrought with more intelligence, feverai 
new metallic fubftances have been difcovered, individuals 
have opened mines in the provinces ; and we have 
become familiar with a fpecies of induftry which feemed 
foreign, and almoft incompatible with, our foil and our 
habits. Steel and the other metals have received in 
our manufactories that degree of perfection which had 
till lately excited our admiration, and humiliated our 
feif-love. The fuperb manufacture of Creufbt has no 
equal in Europe. Moil of our works are fupported by 
pit-coal ; and this new combuftible fubftance is fo much 
the more valuable, as it affords us time to repair our 
exhauited woods, and as it is found almoft every where 
in thofe barren foils which repel the ploughfhare, and 
prohibit every other kind of indultry. The eternal gra- 
titude of this country is therefore due to Me Mrs. Jars, 
Dietrich, Duhamel, Monet. Genfanne, &c. who hrft 
brought us acquainted with thefe true riches. The tafte for 
mineralogy, which has diffufed itfelf within our remem- 
brance, has not a little contributed to produce this revo- 
lution ; and it is in a great meafure owing to thofe col- 
lections of natural hiftory, againft which fome perfons 
have fo much exclaimed, that we are indebted for this 
general tafte. Our collections have the fame relation 
to natural hiftory, as books bear to literature and the 
fciences. The collection frequently is nothing more than 
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an object of luxury to the proprietor; but in this very cafe 
it is a refource always open to the man \vhois dehrous of 
beholding, and inftructing himfelf. It is an exemplar of 
theworksof nature, whichmaybeconfultedevery moment; 
and the chemift who runs over all thefe productions, and 
fubjects them to analyfes to afcertain their conftituent 
principles, forms the precious chain which unites nature 
and art. 

3. While the chemift attends to the nature of bodies, 
and endeavours to afcerrain their confiituent principles, 
the natural philofopher ftudies their external characters, 
and as it were their phyfiognomy. The object of the che- 
mift ought therefore to be united to that of the philofo- 
pher, in order to acquire a complete idea of a body. 
What in fact (hall we call Air or Fire, without the inftruc- 
tion of the chemift ? Fluids more or lefs compreflib.e, 
ponderous, and elaftic. What are the particulars of infor- 
mation which natural philofophy affords us concerning 
the nature of folids ? It teaches us to diftinguifh them 
from each other, to calculate their weight, to determine 
their figure, to afcertain their ufes, &c. 

If we caft our attention upon the numerous particulars 
which chemiftry has lately taught us reflecting air, water, 
and fire, we mall perceive how much the connection of thefe 
two fciences has been ftrengthened. Before this revolu- 
tion, natural philofophy was reduced to the fimple difplay 
of machines ; and this coquetry, by giving it a tranfient 
glare, would have impeded its progrefs, if chemiftry had 
not reftored it to its true deftination. The celebrated 
chancellor Bacon compared the natural magic, or experi- 
mental philofophy, of his time, to a magazine in which a 
few rich and valuable moveables were found among a heap 
of toys. The curious, fays he, is exhibited inftead of the 
ufeful. What more is required to draw the attention of 
great men, and to form that tranfient fafhion of the day 
which ends in contempt ? 

The natural philofophy of our days no longer deferves 
the reproaches of this celebrated philofopher- It is a 
fcience founded on two bafes equally folid. On the one 
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part, it depends on mathematical fcience for its principles; 
and, on the other it refts upon chemiftry. The natural 
phiiofopher will attend equally to both fciences. 

The ftudy of chemiftry, in certain departments, is fo 
intimately connected with that of natural philofophy,that 
they are infeparable ; as, for example, in refearches con- 
cerning air, water, fire, &c. Thele fciences very advan- 
tageouily aflift each other in other refpe&s ; and while 
the chemift clears minerals from the foreign bodies which 
are combined with them, the phiiofopher fupplies the 
mechanical apparatus neceiiary for exploring them. Che- 
miftry is infeparable from natural philofophy even in fuch 
parts as appear the moft independent of it ; fuch, for 
example, as optics, where the natural phiiofopher can 
make no progrefs but in proportion as the chemift fhall 
bring his glafs to perfection. 

The connection between thefe two fciences is fo inti- 
mate, that it is difficult to draw a line of diftinction be- 
tween them. If we confine natural philofophy to enqui- 
ries relative to the external properties of bodies, we (hall 
afford no other object but the mere out fide of things. If 
we reftrain the chemift to the mere analyfis, he will at 
moft arrive at the knowledge of the constituent principles 
of bodies, and will be ignorant of their functions. Tliefe 
diftinctions in a fcience which has but one common pur- 
pofe, namely the complete knowledge of bodies, cannot 
longer exift; and it appears to me that we ought abfolutely 
to reject them in all objects which can only be well exami- 
ned by the union of natural philofophy and chemiftry. 

At the period of the revival of letters, it was of advan- 
tage to feparate the learned, as it were, upon the road to 
truth ; and to multiply the workfhops, if I may ufe the 
exprellion to haften the clearing away. But at pr*. 
fent, when the various points are re-united, and the con- 
nection between the whole is feen, thefe reparations, 
thefe divilions, ought to be effaced ; and we may flatter 
ourfelves that, by uniting our efforts, we may make a 
rapid progrefs in the ftudy of nature. The meteors, and 
all the phenomena of which the atmofphere is the grand 
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theatre, can be known only by this re-union. The decom- 
position of wafer in the bowels of the earth, and its 
formation in the iluici which furrounds us, cannot but 
give rife to the moil happy and the moil fublime appli- 
cations. 

4. The connection between chemiftry and pharmacy is 
fo intimate, that theie two kiences have long been consi- 
dered as one and the fame; and chemiitry, for a long 
time, was cultivated only by phyiicians and apothecaries. 
It mull be allowed that, thwugh the chemiihy of the 
prefent day, is very different from pharmacy, which is 
only an application of the general principles of this feience, 
theie applications arc fo numerous, the clafc, of perfonc. 
who cultivate pharmacy is in general fo well informed, 
that it is not at all to be wondered at, that molt apotheca- 
ries mould endeavour to enlighten their prefcilion by a 
ferious iludy of chemiftry, and by the happieft agreement 
unite the knowledge of both parts of feience. 

The abufes which, at the beginning of the prefent cen- 
tury, were made of the applications of chemiiiry to medi- 
cine, have caufed the natural and intimate relations of 
this feience with the art of healing to be miftaken. It 
would have been more prudent, no doubt, to have recti- 
fied its applications ; but unfortunately we have too much 
ground to reproach phyiicians for going to extremes. 
They have, without reftriclion, baniihed that which they 
before received without examination ; and we havefeen 
them fucceflively deprive their art of all the affifcance it 
might obtain from the auxiliary fciences. 

In order to direct with propriety the applications of che- 
mifiry to the human body, proper views muftbe adopted 
relating to the animal economy, together with accurate 
notions of chemiftry itfeif. The reiults of the laboratory 
muft be confidered as fubordinate to phyiiological obicrva- 
tions We mould endeavour to enlighten the one by the 
other, and to admit no truth as eftablifhed which is con- 
tradicted by any of thefe means of conviction. It is in 
confequence of a departure from thefe principles that the 
human body has been confidered as a lifelefs and pafhve 
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fubftance ; and that the ftrict principles obferved in the 
operations of the laboratory have been applied to this 
living fyftem. 

In the mineral kingdom, every thing is fubjected to the 
invariable laws of the aiSrairtes. No internal principle 
modifies the action of natural agents ; and hence it arifes 
that we are capable of foretelling, producing or modify- 
ing the effects. 

In the vegetable kingdom, the action of external agents 
is equally evident ; but the internal organization modifies 
their effects, and the principle functions of vegetables 
arife from the combined action of external and internal 
caufes. It was no doubt for this reafon that the Creator 
difpofed the principal organs of vegetation upon the fur- 
face of the plant, in order that the various functions might 
at the fame time receive the imprefiions of external agents, 
and that of the internal principle of the organization. 

In animals the functions are much lefs dependant on 
external caufes ; and nature has concealed the principal 
organs in the internal parts of their bodies, as if to with- 
draw them from the influence of foreign powers. But 
the more the functions of an individual are connected 
with its organization, the lefs is the empire of chemifhy 
over them ; and it becomes us to be cautious in the appli- 
cation of this fcience to all the phenomena which depend 
efftntially upon the principles of life. 

We muft not, however, confider chemiftry as foreign 
to the ftudy and practice of medicine. This fcience alone 
can teach us the difficulty and art of combining remedies. 
This alone can teach us to apply them with prudence and 
firmneCs. Without the affiitanceof this fcience, the prac- 
titioner would fcarcely venture to apply thofe powerful 
remeGics from which the chemical phyiician knows the 
means of derivine: fuch great advantage. Chemiftrv alone 
in all probability, is capable cf affording means of com- 
bating epidemic diforders, which in molt cafes are caufed 
by an alteration in the air, the water, or our food. It 
will be only in confequence of ana'iyfis that the true reme- 
dy can be found againft thofe ftony concretions which form 
the matter cf the gout, the ftonc, the rheumatifm, &c. ; 
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and the valuable particulars of information which we now 
poffefs refpecting refpiration, and the nature of the prin- 
cipal humours of the human body, are likewife among the 
benefits arifing from this fcience. 

5. Chemiftry is not only of advantage to agriculture, 
phylic, mineralogy, and medicine, but its phenomena 
are interefting to all the orders of men : the applications 
of this fcience are fo numerous, that there are few c.ir- 
cumftances of life in which the chemift does not enjoy the 
pleafure of feeing its principles exemplified. Molt of 
thofe facte which habit has led us to view with indifference 
are interefting phenomena in the eyes of the chemift. 
Everything inftructs andamufeshim -, nothingisindifferent 
to him, becaufe nothing is foreign to his purfuits ; and 
nature, no lefs beautiful in her mod minute details than 
fublimein the difpofuion of her general laws, appears to 
difplay the whole of her magnificence only to the eyes of 
the chemical philofopher. 

We might ealiiy form an idea of this fcience, if it 
were poflible to exhibit in this place even a fketch of its 
principal applications. We fhould fee, for example, that 
chemiftry affords us all the metals of which the ufes are 
foextenfive ; that chemiftry affords us the means of em- 
ployingthe parts of animalsandof plantsfor ourornament: 
than our luxuries, and our fubliftence, are by this fcience 
eftablilhed as a tax upon all created beings; and that by 
this power we are taught to fubject nature to our wants, 
our tafte, and even to our caprices. Fire, that free inde- 
pendent element, has been collected and governed by the 
induftry of the chemift ; and this agent, deftincd to pene- 
trate, to enliven, and to animate the whole of nature, 
has in his hands become the agent of death, and the 
prime minifter of deftruction. The chemifts who in our 
time have taught us to infulate that pure air which alone 
is proper for combuftion, have placed in our hands, as 
it were, the very eflence of fire ; and this element, whofe 
effects were fo terrible, becomes the agent of ftill more ter- 
rible confequences. The atmofphere, which was formerly 
confidered as a mafs of homogeneous fluid, is now found 
to be a true chaos, from which anaiyfts has obtained 
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principles fo much the more interefting to be known, as 
nature has made them the principal agents of her opera- 
tions. We may conlider this mafs of fluid in which we 
live as a vaft laboratory, in which the meteors are prepa- 
red, in which all the feeds of life and of death are deve- 
loped, from which nature takes the elements of the com- 
pofition of bodies, and to which their fubfequent decom- 
pofition returns the fame principles which were before 
extracted. 

Chemifrry, by informing us of the nature and princi- 
ples of bodies, inftru&s us perfectly concerning our rela- 
tion to the objects around us. This fcience teaches us, 
as it were, to live with them ; and impreffes a true life 
upon them, fince by this means each body has its name, 
its character, its ufes. and its influence, in the harmony 
and arrangement of this univerfe. 

The chemiit, in the midft of thofe numerous beings 
which the common race of men accufe nature of having 
vainly placed upon our globe, enjoys the profpect as it 
were in the centre of a fociety, all whofe members are 
connected together by intimate relations, and concur to 
promote the general good. In his fight every thing is 
animated, every being performs a part on this vaft theatre; 
and the chemiit who participates in thefe interefting fcenes, 
is repaid with ufury for his firft exertions to difcover the 
relations exifting between them. 

We may even confider this commerce, or mutual rela- 
tion between the chemiit and nature, as very proper to 
foften the manners, and to imprefs on the character that 
freedom and firmnefs of principle fo valuable in fociety. 
]n the ftudy of natural hiftory, no caufe ever prefents 
itfelf to complain of inconftancy or treachery. An at- 
tachment is eafily contracted for objects which afford en- 
joyment only ; and thefe connections are as pure as their 
object, as durable as nature, and ftronger in proportion 
to the exertions which have been required to eltablifh 
them. 

From all thefe considerations, there is no fcience which 
more eminently deferves to enter into the plan of a good 
education than chemiftry. We may even affirm that the 
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fluffy of this fcience is almoft indifpenfably ncceffary to 
prevent us from being flrangers in the midft of the beings 
and phenomena which furround us. It is true indeed that 
the habit of beholding the objects of nature may produce 
a knowledge of fome of their principal properties. We 
may even in this way arrive at the theory of fome of the 
phenomena. But nothing is more proper to check the 
pretentions of young pesfons who are elevated by fuch 
imperfect acquifitions, than to mew them the vaft field of 
which they are ignorant. The profoundeft fentiment of 
their ignorance will be feconded by the natural defire of 
acquiring new knowledge. 1 he wonderful properties of 
the objects presented to them will engage their attention. 
The interefting nature of the phenomena will tend to ex- 
cite their curiofity. Accuracy of experiment, andftrictnefs 
of refult, will form their reafoning powers, and render 
them fevere in their judgment. By itudying the proper- 
tics of all the bodies which furround him, the young 
fcholar learns to know their relation with himfelf ; and 
by mcceflively attending to all objects, he extends the 
circle of his enjoyment by new conquefts. He becomes 
a partaker in the privileges of the Creator, by uniting 
and difuniting, by compounding and deftroying. We 
might even affirm that the Author of nature, referving 
to himfelf alone the knowledge of his general laws, has 
placed man between himfelf and matter, that it may 
receive thefe laws from his hands, and that he may apply 
them with proper modifications and reflrictions. In this 
view, therefore, we mayconfider man as greatly fuperi- 
or to the other beings which compofe this living fyftem. 
They all follow a monotonous and invariable procefs ; 
receive the laws, and fubmit to effects without modifica- 
tion. Man alone poffeffes the rare advantage of know- 
ing a part of thefe laws, of preparing events, of predict- 
ing remits, of producing effects at pleafure, of removing 
whatever is noxious, of appropriating whatever is bene- 
ficial, of compofmg fubftances which nature herfelf never 
forms ; and, in this laft point of view, himfelf a Crea- 
tor, he appears to partake with the Supreme Being in 
the moft eminent of his prerogatives. 



Elements of Chemiftry. 

PART THE FIRST. 

CONCERNING THE CHEMICAL PRINCIPLES 



INTRODUCTION. 

Definition of Chemiftry ; its object and Means — Defcription of 
a Laboratory, and the principal Inftruments employed in che- 
mical Operations, with a Definition of thofe Operations. 
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rfHEMiSTRY is a fcience, the object of which 
is to afcertain the nature and properties of bodies. 

The methods ufed to obtain this knowledge are reduci- 
ble to two ; analylia and fynthefis. 

The principal operations of chemiftry are performed in 
a place called a Laboratory. 

A laboratory ought to be extenfive and well aired, in 
order to prevent dangerous vapours from remaining, 
which are produced in fome operations, or which may 
efcape by any unforefeen accident. It ought to be dry, 
becaufe otherwife iron veffels would ruft, and moft of the 
chemical products would be liable to change. But the 
principal excellence of a laboratory confifts in its being 
furnifhed with all thofe inftruments which may be em- 
ployed in the ftudy of the nature of bodies, and in enqui- 
ries reflecting their properties. 

Among thefe inftruments there are fome which are of 
general ufe, and applicable to moft operations ; and there 
are others which ferve only for peculiar ufes. This di- 
vifion immediately points out that, at the prefent inftant, 
we can only treat of the former, and that we muft def- 
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cribe tie others on fuch occafions as will render it necef- 
fary to treat of their ufes. 

The chemical initruments moft frequently employed 
are thofe which prefent themfelves firft to view upon en- 
tering a laboratory ; namely, the furnaces. 

Thefe furnaces confift of earthen veffels appropriated to 
the various operations performed upon bodies by means 
of fire. 

A proper mixture of fand and clay is commonly the 
material of which thefe veffels are formed. It is difficult, 
and even impoflible, to prefcribe and determine, accord- 
ing to any invariable method, the proportions of thefe 
con diluent parts ; becaufe they muft be varied according 
to the nature of the earth made ufe of. Habit and expe- 
rience alone can furnim us with principles on thisfubject. 

The feveral methods of applying fire to fubftances un- 
der examination, has occasioned the conilruction of fur- 
naces in different forms, which we fhall at prefent reduce 
to the three following. 

I. The evaporatory furnace. — This furnace has receiv- 
ed its name from ils ufe. It is ufed to reduce liquid fub- 
flances into vapour by means of heat, in order to feparate 
the more fixed principles from thofe which are more pon- 
derous ; and were mixed, iufpended, compounded, or 
dilTolved in the fluid. 

The fire-place is covered by the evaporatory veffel. 
Two or three grooves, channels, or depreflions are made 
in the fides of the furnace near its upper edge, to facili- 
tate the drawing of the fire. 

The veffel which contains the fubftance to be evapo- 
rated, is called the evaporatory veffel . 

Thefe veffels are formed of earth, glafs or metal. Vef- 
felsof unglazed earth are too porous, infomuch that liquids 
filtrate through their texture. Thofe of porcelain bifcuit 
are like wife penetrable by liquids ftrongly heated, and fuf- 
fer gafeous or aeriform fubitances to efcape. The beau- 
tiful experiments of Mr. D'Arcet upon the combuflion 
anddeflruction of the diamond, in balls of porcelain, arc 
well known and tend to illuflrate this fubject. I have 
confirmed thefe refuks by experiments in the large way, 
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upon the diftillation of aquafortis, which lofes as well in 
quality as quantity when the procefs is carried on in vef- 
iels of porcelain clay. 

Glazed earthen veffels cannot be ufed when the glafs 
Gonfifls of the calces of lead or copper ; becaute thofe me- 
tallic matters are attacked by acids, fats, oils, &c. Nei- 
ther can earthen veffels be ufed which are covered with 
enamel, becaufe this kind of opake glafs is aimoft always 
full of fmall cracks, through which the liquid would in- 
troduce itfelf into the body of the veffel. 

Earthen veffels cannot therefore be ufed, excepting in 
operations of little delicacy, in which precifion and accu- 
racy are not indifpenfably required. 

Evaporatory veffels of glafs are in .general to be prefer- 
red. Thofe which refill the fire better than any others, 
are prepared in the laboratory, by cutting a fphere of 
glafs or a receiver into two equal parts with a red-hot 
iron. The capfules which are made in the glai's-houfe are 
thickeft at the bottom, and confequently are more liable 
to break at that part when expofed to the fire. 

Evaporatory veffels of metal are ufed in manufactories. 
Copper is moil commonly employed, becaufe it not only 
poffeffes the property of refilling lire, but has a confider- 
able degree of folidity, together with the facility of be- 
ing wrought. Alembics are made of this metal, for the 
diftillation of vinous fpirits, and aromatic fubftances ; as 
are alfo caldrons or pots for the cryftaliization of certain 
fait s, and for feveral dying proceifes, &c. Lead is like- 
wife of confiderable ufe, and is made choice of whenever 
operations are to be performed upon fubftances which 
^contain the fulphuric acid, fiich as the fulphates of alu- 
mine and of iron ; and for the concentration and rectifi- 
cation of the oil of vitriol. Tin veffels are alfo employed 
in fomc operations : the fcarlet bath affords a more beau- 
tiful colour in boilers of this meial than in thofe of any 
other. Capitals of tin have already begun to be fubfti- 
tuted in the room of thofe of copper, in the conftruction 
of alembics ; and by this means the leveral products of 
diftillation are exempted' from every fufpicion of that dan- 
gerous metal . Boilers of iron are like wife ufed for certain 
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courfe operations; as, for example, in the concentra- 
tion of the lixiviums of common fait, of nitre, &c. 

Evaporatory veffels of gold, of filver, or of platina, 
are to be preferred in io'me delicate operations ; but the 
price and fcarcity of thefe veffels do not permit them to 
be ufed, efpecially in the large way. 

Moreover it is from the nature of the fubftance to be 
evaporated, that we muft determine the choice of the 
veffel moft fuitable to any operation. There is no par- 
ticular kind of veffel which can be adapted excluiively on 
all occahons. It may only be obferved, that glafs preients 
the greateil number of advantages, becaufe it is compofed 
of a fubftance the leaft attacked, the lead foluble, and the 
leaft deftructible, by chemical agents. 

Evaporatory veffels are known by the name of capfules, 
cucurbits, &c. according to their feveral forms. 

Thefe veffels ought in general to be very wide and 
fhallow, in order that the dillillation and evaporation 
may befpeedy and ceconomical. It is neceffary, 1. That 
the evaporatory veffel be not narrow at its upper part. 
2. That the heat be applied to the liquid in all parts, and 
equally. 3. That the column or mafs of the liquid 
fliould have little depth, and a large furface of evapora- 
tion. It is upon thefe principles that I have conilructed, 
in Languedoc, boilers proper for diltilling brandy, which 
fave eleven-twelfths of the time, and four-fifths of the 
combuftibles. 

Evaporation may be performed in three manners, r. 
By a naked fire. 2. By the fand bath. 3. By the water 
bath. 

Evaporation is made by a naked £re, when there is 
no fubftance interpofed n the fire and the veffel 

which contains the liquid intended to be evaporated ; as, 
for example, when water is boiled in a pot. 

Evaporation is performed by the land bath, when a 
veffel filled with land is interpofed between the fire and 
the evaporatory veffel. The heat is in this cafe commu- 
nicated more ilowly and gradually ; and the veffels, 
which would otherwife ha\e been broken by the imme- 
diate application of the heat, are enabled to reffft its 



The Water Bath, Sublimation. 5 

force. The heat is at the fame time more equally kepi: 
up ; the refrigeration is more gradual ; and the opera- 
tions are performed with a greater degree of order, pre- 
cifion, and facility. 

If, inftead of employing a veffel filled with fand, we 
ufe a veffel of water, and the evaporatory veflel be 
plunged in the liquid, the evaporation is faid to be made 
on the water bath : in this cafe, the fubftanoe to be evapo- 
rated is only heated by communication from the water. 
This form or method of evaporation is employed wnen 
certain principles of great volatility, fuch as alcohol, or 
the aromatic principles of plants, are to be extracted or 
diliilled. It poffeffes the advantage of affording products 
which are not changed by the fire, becaufe the heat is 
tranfmitted to them by the intervention of a liquid : it is 
this circumftance which renders the procefs valuable for 
the extraction of volatile oils, perfumes, etherial liquids, 
&c, It poffeffes the advantage of affording a heat nearly 
equal, becaufe the degree of ebullition is a term nearly 
confiant ; and this ftandard heat may be graduated or 
varied at pleafure, by adding falts to the liquid of the 
water bath, becaufe this fingle circumftanee renders the 
ebullition more or lefs quick and eafy. The fame effect 
may iikewife be produced by retraining the evaporation ; 
for in this cafe the liquid may affume a degree of heat 
much more confiderable, as is feen in the digefter of Pa- 
pin, fleam engines, eolipiles, and the boilers for ftriking 
the red tinge in cotton. 

Sublimation differs from evaporation, becaufe the fub- 
flance to be raifed is folid. The veffels ufed in this opera- 
tion are known by the name of fublimatory veffels. 
Thefe are commonly globes terminating in a long neck: 
they are then called mattraffes. 

In order to fublime any fubftance, a part of the ball 
of the mattrafs is furrounded with fand. The matter 
which is volatilized by the heat, rifes, and is condenfed 
againft the coldeft part of the veffel ; where it forms a 
ftratum or cake, that may be taken out by breaking the 
veffel itfelf. In this manner it is that fal ammoniac, cor- 
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rofive fublimate, and oilier fimilar products, arc formed 
for the purpofes of commerce. 

Sublimation isufually performed either for the purpofc 
of purifying certain fubiiances, anddifengaging them from 
extraneous matters; or elf e to reduce into vapour, and 
combine under that form, principles which would have 
united with great difficulty if they had not been brought 
to that ftafe of extreme divifion. 

II. The revcrberatory furnace. — The name of the re- 
verberatory furnace has been given to that conliruclion 
which is appropriated to diftillation. 

This furnace is compofed of four parts, i. The afh- 
hole, intended for the free paflage of the air, and to 
receive the allies or refidue of the combuilion. 2. The 
lire-place, feparated from the afh-hole by the grate, and 
in which the combuftible matter is contained. 3. A 
portion of a cylinder, which is called the laboratory, be- 
caufe it is this part which receives the retorts employed 
in the operations or diftillations. 4. Thefe three pieces 
are covered with a dome, or portion of a fphere, pierced 
siear its upper part by an aperture, which affords a free 
paflage to the current of air, and forms a chimney. The 
moft ufual form of the revcrberatory furnace is that of a 
cylinder terminated by a hemifphere, out of which arifes 
a chimney of a greater or lefs length, to produce a fuita* 
ble degree of afpiration. 

In order that a reverberatory furnace may be well 
proportioned, it is neceilary, 1. That the afh-hole mould 
be large, to admit the air frefh and unaltered. 2. 1 hat 
the fire-place and laboratory together mould have the 
form of a true ellipfis, whofe two foci mould be occupied 
by the fire and the retort. In this cafe all the heat, whe- 
ther direct or reflected, will ftrike the retort. 

The reverberatory furnace is ufed for diftillation. 
Di filiation is that procefs by which the force of fire is 
applied to difunite and feparate the feveral prineiples of 
bodies, according to the laws of their volatility, and their 
feveral affinities. 

Diflilling veffeis are known by the name of retorts. 
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Retorts are formed of glafs, of ftone ware, of porce- 
lain, or of metal; thefe fubftances being refpe&ively 
ufcd, according to the nature of the bodies intended to 
be expofed to diftillation. 

Whatever be the nature of the material, the forms of 
retorts are the fame. This figure reiembles an egg, 
terminating in a beak or tube, which diminifhes infenfibly 
in diameter, and is flightly inclined or bended. 

The oval portion of the retort, which is called its belly, 
is placed in the laboratory of the furnace, and is fup- 
ported upon two bars of iron, which feparate the labora- 
tory from the fire-place ; while the beak or neck of the 
retort iffues out of the furnace through a circular aperture 
formed in the edges of the dome and of the laboratory. 

A veifel intended to receive the product of the diftilla- 
tion is fitted to the neck of the retort. This veffel is called 
the recipient, or receiver. 

The receiver is commonly a fphere with two apertures ; 
the one of confiderable magnitude, to receive the neck of 
the retort; the other fmaller,to afford vent for the vapours. 
This part is called the tubulure of the receiver ; whence 
the terms tubulated receiver, or receiver not tubulated, &c. 

Though the reverberatory furnace be particularly 
adapted "to diftillation, this operation may be performed 
on the fand-bath ; and here, as in other cafes, it depends 
fingly on the intelligence of the artift to vary his apparatus 
according to the neceffity of circumftances, and the nature 
of the fubftances upon which he operates. 

The conltrucHon of thefe furnaces may like wife be 
varied ; and the chemift will find it neceffary to learn the 
art of availing himfelf of every apparatus he polfeffes, to 
carry his operations into execution : for if he fnould per- 
fuade himfelf that it is impoffible to proceed in chemical 
refearch, excepting in a laboratory provided with ail 
fuitable veffels ; he may let the moment pafs in which a 
difcovery might be madc,butwhich may not again return. 
And it may truly be faid, that he who treads ferviiely in 
the paths of others who have gone before him, will ne- 
ver attain to the difcovery of new truths. 

H 
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III. The forge furnace. — The forge furnace is that in 
which the current of air is determined by bellows. lhe 
afh-hole, the fire-place, and the laboratory are here all 
united together and this affemblage forms only a portion 
of a cylinder, pierced near the lower angle by a fmaB 
hole, into which the tube of the bellows enters. This 
part is fometimes covered with a hemifpherc or dome, to 
concentrate the heat with greater efficacy, and to reflect 
it upon the bodies expofed to it. The forge furnace is 
employed in the fufion and calcination of metals, and 
generally for all the operations which are performed in 
crucibles. 

By crucibles we underftand veffels of earth or metal, 
which are almoft always of the form of an inverted cone. 
A crucible ought to fupport the ftronged heat without 
melting : it ought to refill the attacks of all fuch agents as 
are expofed to heat veffels of this kind. Thofe cruci- 
bles which poffefs the greateft degree of perfection, are 
made in Heffe or in Holland. I have made very good ones 
by a mixture of raw and unbaked clay from Salavas in the 
Vivarais. 

Our laboratories have been provided with crucibles of 
platina, which unite the moft excellent properties. They 
are nearly infufible, and at the fame time indeilructible 
by the fire. 

The feveral earthen veffels concerning which we have 
here treated, may be fabricated by the hand, or wrought in 
the lathe. The firft proceeding renders them more folid, 
the clay is better united, and it is the only method ufed 
in glafs manufactories ; but the fecond method is more 
expeditious. 

The agent of fuch decompofitions as are effected by 
means of furnaces, is lire. It is afforded by the combuf- 
tion of wood, pit-coal, or charcoal. 

Wood is only employed in certain large works ; and 
we prefer charcoal in our laboratories, becaufe it does not 
fmoke, has no bad fmell, and burns better in fmall maffes 
than other combuitiblss. We choofe that which is the 
moft fonorous, the drieft, and the leaf! porous. 
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But, in thefeveral operations we are about to defcribe, 
it is necellary to defend the retorts from the immediate 
action of the fire ; and alfo to coerce and reftrain the ex- 
panfible vapours, which are very elaftic, and frequently 
corrofive. It is to anfwer thefe purpofes that various lutes 
are employed. 

1. A glafs retort expofed to the action of the fire would 
infallibly break, if the operator were not to have recourfe 
to the prudent precaution of coating it with earth. 

I have found it advantageous for the coating of retorts, 
to ufe a mixture of fat earth and frefh horfe dung : for 
this purpofe, the fat earth is fuffered to rot for fome hours 
in water ; and when it is moiftened, and properly foften- 
ed, it muft be kneaded with the horfe dung, and formed 
into a foft pafle, which is to be applied and fpread with 
the hand upon every part of the retort intended to be ex- 
pofed to the action of the fire. The horfe dung combines 
feveral advantages. 1. It contains a ferous fluid, which 
hardens by heat, and ftrongly connects all the parts toge- 
ther : when this juice has been altered by fermentation or 
age, the dung does not poiTefs the fame virtue. 2. The 
filaments or ftalks of hay, which are fo eafily diftinguimed 
in horfe dung, unite all the parts of the lute together. 

Retorts luted in this manner refill the impreflion of 
the fire very well ; and the adheiion of the lute to the 
retort is fuch, that even mould the retort fly during the 
operation, the diftillation may be ltil-1 carried on, as I 
have daily experience in works in the large way. 

2. When it is required to coerce or oppofe the efcape 
of the vapours which are diiengaged during any operation 
it is no doubt fufficient if the joinings of the veffels be co- 
vered with paper glewed on, or with flips of bladder 
moiftened with the lute of lime and white of egg, provi- 
ded the vapours be neither dangerous nor corrohve , but 5 
when the vapours are corrofive, it is necefTary to ufe the 
fat lute to retain them. 

Fat lute is made with boiled linfeed oil mixed and 
well incorporated with fitted clay. Nut oil, kneaded 
with the fame clay, forms a lute poiTeifmg the fame pro- 
perties. It is eafily extended in the hand, and is ufedfor 
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defending th'? joinings of vefTels, upon which it is after- 
wards fecured by {trips of linen, dipped in the lute of 
lime and white of eg ~. Before the application of heat in 
any diltillation, it is neceffary firft to fuller the lutes to 
dry. Without this precaution, the vapours would rife 
and efcape ; or otherwife they would combine with the 
water which moiftens the lutes, and would corrode and 
deftroy the bladder, the (kin, the paper, and in a word 
every fubftance ufcd to fecure them in their places. The 
lute of lime and white of egg dries very fpeedily, and mull 
be ufed the moment it is made. This lute, likewife, op- 
pofes the greater! reliitance to the efcape of the vapours, 
and adheres the rnofl intimately to the glafs. It is made 
by mixing a fmall quantity of finely-powdered quick-lime 
with white of egg, and afterwards beating up the mixture 
to facilitate the combination. It muft then be inftantly 
applied on pieces of old linen, to be wrapped round the 
places of joining. 

In the large works, where it is not pofiible to attend to 
all thefe minute details, the joinings of the retort and 
receiver are luted together with the fame lute which is 
uled to coat the retorts. A covering of the thicknefs of 
a few lines is fufHcient to prevent the vapours of the ma- 
rine or nitrous acid from efcaping. 

As in certain operations a difengagement takes place of 
fo prodigious a quantity of vapours, that it is dangerous 
to confine them \ and as, on the other hand, the buf- 
fering them to efcape would occafion a confiderable lofs 
in the product; an apparatus has been contrived of great 
ingenuity and fimplicity to moderate the iffue, and to 
retain without rifk fuch vapours as would otherwife 
efcape. This apparatus is known by the name of its 
author, Mr. Woulfe, a famous Englifh chemift. His 
moft excellent procefs confifts in adapting the extremity 
of a recurved tube to the tubulure of the receiver ; the 
other end of which is plunged into water, in a bottle 
half filled, and properly placed for that purpofe. From 
the empty part of this bottle ilfues a fecond tube, which 
is in like manner plunged in the water of a fecond bottle. 
A number of other bottles may be added, obferving the 
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fame precautions ; with the attention, neverthelefs, to 
leave the laft open, to give a free efcape to the vapours 
which are not coercible : and, when the apparatus is 
thus difpofed, all the joinings are to be luted. It will 
eafily be imagined that the vapours which eicape from the 
retort are obliged to pafs through the tube adapted to the 
tubulure of the receiver, and confequently muft pafs 
through the water of the firft bottle: they therefore 
fufler a firft refiftance, which partly condenfes them. 
But as almoft all vapours are more or lefs mifcible and 
foluble in water, a calculation is previoufly made of the 
quantity of water neceffary to ablbrb the vapours which 
are difengaged from the mixture in the retort ; and care 
is taken to diftribute this proper quantity of water in the 
bottles of the apparatus. 

By this means we obtain the pureft and moit concen- 
trated products ; becaufe the water, which is always 
the receiver, and is the vehicle of thefe fubftances, be- 
comes faturated with them. There is, perhaps, no 
other method of obtaining products always of an equal 
energy, and comparable in their effects ; a circumftance 
of the greateft importance in the operations of the arts, 
as well as in philofophical experiments. 

I have applied this apparatus to works in the large way ; 
and I ufe it to extract the common muriatic acid, the oxi- 
genated muriatic acid, ammoniac or volatile alkali, &c. 

As it would very often happen, in this apparatus, 
that the preffure of the external air would caufe the wa- 
ter of the outer veffels to pafs into the receiver, in con- 
fequence of the fimple refrigeration of the retort ; this 
inconvenience has been obviated, by inferting a ftraight 
tube into the necks of the firft and the fecond bottles, to 
fuch a depth, that its lower end is plunged into the water, 
while its other end rifes feveral inches above the neck 
of the bottle. It may eafily be conceived, as a confe- 
quence of this difpofition, that when the dilated vapours 
of the receiver and retort are condenfed by cooling, the 
external air will rufh through thefe tubes to eftablifh the 
equilibrium ; and water cannot pafs from the one to 
the other. 
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Before the invention of this apparatus, it was ufual to 
drill a hole in the receiver, which was kept clofed, and 
only opened from time to time for the efcape of the 
vapours. This method was inconvenient in many re- 
fpects. In the firft place, and principally, becauie, in 
fpite of all precautions, it was attended with the riik of 
an explofion every moment, by the irregular difengage- 
ment of the vapours, and the impoflibility of calculating 
the quantity produced in a given time. A iecond incon- 
venience was, that the vapours which thus efcaped occa- 
fioned a confiderable lofs in the product, and even weak- 
ened the remainder ; becaufe this volatile principle con- 
fided of the ftrongeft part. A third inconvenience was, 
that the vapours which did efcape incommoded the artift 
to fuch a degree, that it was impoflible to perform moft 
of the operations of chemiitry in the courfe of a lecture, 
where a confiderable number of auditors were prefent. 

Thus it is that the apparatus of Woulfe unites a 
number of advantages : on the one hand, economy in the 
proceffes, and fuperiority in the product ; on the other 
hand, fafety for the chemift and his affiftants : and in 
every point of view the author is entitled to the beft 
acknowledgments of chemifts, who were too often fo 
much affected with thefe unwholefome exhalations, that 
their health was either totally deftroyed, or they fell ab- 
folute vi&ims to their zeal for the promotion of fcience. 

It is neceffary that a laboratory fhould be provided 
with balances of the utmoft accuracy ; for the chemift, 
who very frequently operates only upon fmall quantities, 
ought to be able by the ftrictnefs of his operations, and 
the accuracy of his apparatus, to produce refults compara- 
ble with thofe of works in the large way. It frequently 
happens that the fnnple effay of a fpecimen of an ore deter- 
mines the opening of a mine : and it fcarcely need be 
pointed out, of how great confequence it is to remove 
every caufe of error from the operations of chemiftry ; 
fmce the flighteft error in the works of the laboratory 
may be attended with the mod unhappy confequences, 
when the application of the principles is made to works 
in the large way. 
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We fhall treat of other veflels and of the chemical appa- 
ratus, in proportion as we fhall have occafion to make uie 
of them; for it appears to us that, by thus connecting the 
defcription with their ufe, we fhall fucceed better in ren- 
dering them intelligible to the reader, at the fame time 
that his memory will be lefs fatigued. 



SECTION I. 

Concerning the General Law which tends to bring the Particles of Bo- 
dies together, and to maintain them in a State of Mixture or Com- 
bination. 

nr 

X HE Supreme Being has given a force of 
mutual attraction to the particles of matter ; a principle 
which is alone fufficient toproduce that arrangement which 
the bodies of this univerfe prefent to our obfervation. As 
a very natural confequence of this primordial law, it fol- 
lows that the elements of bodies muft have been urged 
towards each other ; that mafles muft have been formed 
by their re-union ; and that folid and compact bodies 
muft have infenfibly been conftituted ; towards which, as 
towards a centre, the lefs heavy and lefs compact bodies 
muft gravitate. 

This law of attraction, which the chemifts call Affinity, 
tends continually to bring principles together which are 
difunited, and retains with more or lefs energy thofe 
which are already in combination ; fo that it is impofiible 
to produce any change in nature, without interrupting 
or modifying this attractive power. 

It is natural, therefore, and evenindifpenfable, that we 
fhould fpeak of the law of the affinities before we proceed 
to treat of the methods of analyfis. 

Affinity is exercifed either between principles of the 
fame nature, or between principles of a different nature. 
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We may, therefore, diftinguifh two kinds of affinity, 
with refpect to the nature of bodies, i. The affinity of 
aggregation, or that which exifts between two principles 
of the fame nature, i. The affinity of compofition, or 
that which retains two or more principles of different 
natures in a ftate of combination. 

Of the Affinity of Aggregation. 

Two drops of water which unite together into one, 
form an aggregate, of which each drop is known by the 
name of an integrant part. 

An aggregate differs from a heap ; becaufe the inte- 
grant parts of this laft have no perceptible adhefton to 
each other; as, for example, a heap of bailey, of land, 
&c. 

An aggregate and a heap differ from a mixture ; be- 
caufe the conftituent parts of this lait are of a different 
nature ; as, for example, in gun-powder. 

The affinity of aggregation is ftronger, the nearer the 
integrant parts approach to each other ; fo that every 
thing which tends to feparate or remove thcfe integrant 
parts from each other, diminimes their affinity, and 
weakens their force of cohefion. 

Heat produces this effect upon moft known bodies : 
hence it is that melted metals have no confidence. The 
caloric, or matter of heat, by combining with bodies, 
almoff. always produces an effect oppofite to the force of 
attraction ; and we might confider ourfclves as authorifed 
to affirm that it is a principle of repulfion, if found che- 
miftry had not proved that it produces this effect only by 
its endeavour to combine with bodies, and thereby necef- 
iarily diminifhing their force of aggregation, as ail other 
chemical agents do. Befides which, the extreme levity 
of caloric produces the effect that, when it is combined 
with any given body, it continually tends to elevate it, 
and to overcome that force which retains it, and preci- 
pitates it towards the earth. 

The mechanical operations of pounding, of hammer- 
ing, or of cutting, likewife diminifh the affinity of aggre- 
gation. They remove the integrant parts to a diftance 
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from each other ; and this new difpofition, by presenting 
a lefs degree of adhefion, and a larger furface facilitates 
the immediate a&ion, and augments the energy, of che- 
mical agents. It is for this purpofe that bodies are divi- 
ded when they are to be analyfed, and that the effect of 
re-agents is facilitated by the action of heat. 

The mechanical divifion of bodies is more difficult, the 
ftronger their aggregation. 

Aggregates exiit under different ftates ; they are folid, 
liquid, aeriform, &c. — See Fourcroy's Chemiftry. 

Of th,e Affinity of Compofition. 

Bodies of different kinds exert a tendency or attrac- 
tion upon each other, which is more or lefs ftrong ; and 
it is by virtue of this force that all the changes of compo- 
fition or decompofition obferved amongft them, are ef- 
fected. 

The affinity of compofition exhibits invariable laws in 
all the phenomena it caufes. We may ftate thefe laws as 
general principles ; to which may be referred all the effects 
prefented to our obfervation by the action ot bodies upon 
each other. 

I. The affinity of compofition acts only between the 
conflituent parts of bodies. 

The general law of attraction is exerted upon the maf- 
fes ; and in this refpect it differs from the law of the affi- 
nities, which does not perceptibly aft but on the elemen- 
tary particles of bodies. Two bodies placed near each 
other do not unite ; but, if they be divided and mixed, a 
combination may arife. We have examples of this when 
the muriate of foda, or common fait, is triturated with 
lithrage ; the muriate ammoniac, or common fal ammo- 
niac, with lime, &c. And it may be aflerted that the 
energy of the affinity of compofition is almofl always pro- 
portioned to the degree of the divifion of bodies. 

II. The affinity of compofition is in the inverfe ratio 
of the affinity of aggregation. 

It is fo much the more difficult to decompofe a body, as 
its conflituent principles are united or retained by a 
greater force. Gafes, and efpecially vapours, continually 

I 
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tend to combination, becaufe their aggregation is weak : 
and nature, which is conftantly renewing the produc- 
tions of this univerfe, never combines folid with folid ; 
but, reducing every thing into the form of gas, by this 
means breaks the impediments of aggregation ; and thefe 
gafes uniting together, form folids in their turn. 

Hence, no doubt, it arifes, that the affinity of compo- 
fition is fo much the more ftrong as bodies approach near- 
er to the elementary Hate ; and we mall obferve, on this 
:c"tj that this law of nature is founded in wifdom : for 
if the force or affinity of compofition did not increafe in 
proportion as bodies were brought to this degree of fim- 
plicity ; if bodies did not aflume a decided tendency to 
unite and combine, in proportion as they approach to 
their primitive or elementary ftate ; the mofs of elements 
would continually increafe by thefe fucceffive and unin- 
terrupted decompofitions ; and we fhould infenfibly re- 
turn again to that chaos or confufion of principles, which 
is iuppoied to have been the original ftate of this globe. 

The neceffity of this ftate of divifion, which is fo pro- 
per to increafe the force of affinity, has caufed it to be 
admitted as an inconteftible principle, that the affinity of 
compofition does not take place, unlefs one of the bodies 
be in the fluid ftate : corpora non agunt nifi Jint fluida. 
But it feems to me that extreme diviiion might be fubfti- 
tuted inftead of diflblution ; for both thefe operations tend 
only to attenuate bodies, without altering their nature. 
Jt is by virtue of this divifion, which is equivalent to dif- 
folution, that the decompoiition of muriate of foda is 
effected by trituration with minium, as well as the union 
of cold and dry alkali with antimony, and the difengage- 
rnent of volatile alkali by the fimple mixture of fal ammo- 
niac with lime. 

Ill, When two or more bodies unite by the affinity of 
compofition, their temperature changes. 

This phenomenon cannot be explained but by confider- 
ing the fluid of heat as a conftitucnt principle of bodies, 
unequally difturbed amongft them ; fo that, when any 
change is produced in bodies, this fluid is difplaced in its 
turn, which neceffarily produces a change of temperature. 
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We fhall return to thefe principles when we fpeak of 
heat. 

IV. The compound which remits from the combination 
of two bodies, poffeffes properties totally different from 
thofe of its confrituent principles. 

Some chemiils have affirmed, that the properties of 
compounds were intermediate between thofe of their con- 
ftituent parts. But this term "intermediate" has no 
meaning in the prefent cafe ; for what intermediate qua- 
lities can exift between four and fweet, or between water 
cmd fire ? 

if we attend ever fo little to the phenomena which are 
exhibited to us by bodies in their compofition, we fhall 
perceive that their form, their tafle, and their confiftence, 
are changed in combination ; and we cannot eftablim any 
rule to indicate, a priori, all the changes which may arife, 
and the nature and properties of the body which ihall be 
formed. 

V. Every individual fubftance has its peculiar affinities 
with the various fubftances prefented to it. 

If all bodies had the fame degree of affinity with each 
other, no change could take place among!! them : we 
mould not be able to difplace any principle by prefenting 
one body to another. Nature has therefore wifely varied 
the affinities, and appointed to each body its relation 
with all thofe that can be prefented to it. 

It is in confequence of this difference in the affinities 
that all chemical decompolitions are effected : all the 
operations of nature and art are founded upon it. It is 
therefore of importance to be well acquainted with all 
the phenomena and circurnftances which this law of de- 
compofition can prefent to -us. 

The affinity of compofition has received different names, 
according to its effects. It is divided into fimple affinity, 
double affinity, the affinity of an intermedium, reciprocal 
affinity, &c. 

i . Two principles united together, and feparated by 
means of a third, afford an example of /imple affinity : it 
confifts in the dif placing of one principle by the addition 
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of a third. Bergman has given it the name of Elective 
Attraction. 

The body which is difengaged, or difplaccd, is known 
by the name of the Precipitate. An alkali precipitates 
metals from their folutions ; the fulphuric acid precipi- 
tates the muriatic, the nitric, &c. 

The precipitate is not always formed by the difengaged 
fubftance- Sometimes the new compound itfelf is preci- 
pitated ; as, for example, when I pour the fulphuric or 
vitriolic acid on a folution of muriate of lime. Some- 
times the difengaged body and the new compound are 
precipitated together; as, for example, when the fulphate 
of magnefia or Epfom fait is diflbived in water, and pre- 
cipitated by means of lime-water. 

2. It often happens that. the compound of two princi- 
ples cannot be deftroyed either by a third or a fourth 
body feparately applied ; but if thefe two bodies be united, 
and placed in contact with the fame compound, a decom- 
pofition or change of principles will then take place. This 
phenomenon conftitutes the double affinity. An exam- 
ple will render this proportion more clear and precife. 
The fulphate of pot-afli or vitriolated tartar is not com- 
pletely decompofed by the nitric acid or by lime, 
when either of thefe principles is feparately prefented ; 
but, if the nitric acid be combined with lime, this nitrate 
of lime will decompofe the fulphate of pot-afh. In this 
laft cafe the affinity of the fulphuric acid with the alkali is 
weakened by its affinity to the lime. This acid, therefore, 
is fubject to two attractions ; the one which retains it to 
the alkali, and the other which attracls it towards the 
lime : Mr. Kirwan has named the firil the Quiefcent 
Affinity, and the other th6 Divellent Affinity". The 
fame may be faid refpecting the affinities of the alkali ; it 
is retained to the fulphuric acid by a fuperior force, but 
neverthelefs attracted by the nitric acid. Let us fuppofe, 
now, that the fulphuric acid adheres to the alkali with a 
force as 8, and to the lime by a force expreffed by the 
number 6 ; that the nitric acid adheres to the lime by a 
force as 4, and tends to unite with the alkali by a force as 
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7. It may then be perceived that the nitric acid and the 
lime, feparately applied to the fulphnte of pot-am, would 
not produce any change : but if they be prefented in a 
Hate of combination, then the fulphuric acid is attrafted 
on the one hand by 6, and retained by 8 ; it has therefore 
an effective attraction to the alkali as 2. On the other 
hand, the nitric acid is attracted by a force as 7, and 
retained by a force as 4 ; it theiefore retains a tendency 
to unite with the alkali, which is denoted by the number 
3 ; and confequently it ought to difplace the fulphuric a- 
cid, which is retained only by a force as 2. 

3 . There are cafes in which two bodies, having no per- 
ceptible affinity to each other, obtain a difpontion to u- 
nite by the intervention of a third ; and this is called the 
affinity of an intermedium. An alkali is the interme- 
dium of union between oil and water ; hence the theory 
oflixiviums, of warnings, &c. &c. 

If the affinities of bodies were well known, we might 
foretel the remits of all operations : but it is obvious how 
difficult it muft be to acquire this extenfive knowledge 
of nature ; more efpecially fmce modern difcoveries have 
exhibited to us an infinity of modifications in our procef- 
fes, and have fhewn that remits may vary with fuch fa- 
cility, that even the abfence or prefence of light will ren- 
der them very different. 

As long as chemiftry was confined to the knowledge of 
a few fubftances, and was bufied only in attending to a 
certain number of facts, it was poffible to draw up tables 
of affinity, and to exhibit the refult of our knowledge in 
one and the fame table. But all the principles upon 
which thefe tables have been conftructed, have received 
modifications ; the number of principles has increafed ; 
and we find ourfelves under the neceflity of labouring; 
upon new ground. A fketch of this great work may be 
feen in the EfTay on Affinities of the celebrated Bergman i 
and in article Affinity in the Encyclopedic Methodique. 

VI. The particles which are brought together and li- 
nked by affinity, whether they be of the fame nature or 
of different natures, continually tend to form bodies of 
a polyhedral, conftant, and determinate form. 
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This beautiful law of nature, by which me impreffes on 
all her productions a conftant and regular form, appears 
to have been unknown to the ancients : and when che- 
mifts began to difcover that almoft all bodies of the mine- 
ral kingdom affected regular forms, they at fir ft diftin- 
guifhed them according to the inaccurate refemblance 
fuppofed to exift between them and other known bodies. 
Plence the denomination of cryftals in pyramids, needles, 
points of diamonds, croffes, 1'word blades, &c. 

We are more particularly indebted to the celebrated 
Linnaeus for the tirft precife ideas of thefe geometrical 
figures. He took notice of the conftancy and uniformity 
of this character ; and this celebrated naturalift thought 
himfelf authorifed to make it the balls of his method of 
clafllfication of the mineral kingdom. 

Mr. Rome de Lifle has proceeded ftill farther : he has 
fubjected ail the forms to a ftrict examination ; he has, 
as it were, decomposed them ; and is of opinion that he 
can diftinguilh in the cryftals of all analogous or indenti- 
cal fubftances, the fimple modiiications and (hades of a 
primitive form. By this means he has reduced all the 
confufed and irregular forms to certain primitive figures ; 
and has attributed to nature a plan or primitive delign, 
which me varies and modifies in a thoufand manners, 
according to circumftances that influence her proceedings. 
This truly great and philofophical work has rendered 
this part of mineralogy in the higheft degree interefting ; 
and if we mould admit that Mr. De Lifle has perhaps car- 
ried thefe refemblances too far, we cannot but allow that 
he defer ves a diftinguimed place amongft thofe authors 
who have contributed to the progrefs of fcience. The 
Cryftallographie.of this celebrated naturalift may be pe< 
ruled with advantage. 

The abbe Hauy has fmce applied calculation to obfer- 
va tion. lie has undertaken to prove that each cryftal has 
a nucleus or primitive form ; and has Ihcwn the laws of 
diminution to which the component lamina: of the cryftals 
a re fubject in their tranfition from the primitive to the 
Secondary forms. The developcment of thefe fine prin- 
ciples, and their application to cryftals the bell known, 
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may be (een in his theory of the ftructure of cryftals, 
and in feveral of his memoirs printed in the volumes of 
the Academy of Sciences. 

The united labours of thefe celebrated naturalifts have 
carried cryftallography to a degree of perfection of which 
it did not appear fufceptible. But we mall, at this mo- 
ment, attend only to the principles according to which 
cryftallization is effected. 

To difpofe a fubftance to cryftallization, it is necef- 
fary in the firft place to reduce it to the moft complete 
Hate of divifion. 

This divifion may be effected by folution, or by an o- 
peration purely mechanical. 

Solution may be effected either by the means of water 
or of fire. The folution of falts is in general performed 
in the firft liquid, that cf metals is effected by means of 
the fecond ; and their folution is not complete until a de- 
gree of heat is applied of fuiiicient intenfity to convert 
them into the ftate of gas. 

When the water which holds any fait in folution is eva- 
porated, the principles of the difiolved body are infenfi- 
bly brought nearer to each other, and it is obtained in 
regular form. The fame circumftance nearly takes place 
in the folution by lire. When a metal is impregnated 
with this fluid, it does not cryftallize but in proportion 
as this excefs of igneous fluid is withdrawn. 

In order that the form of a cryital may be regular, 
three circumftances are required ; time, a fufflcient f'pace, 
and repofe. Confult Linnaeus, Daubenton, &c. 

A. Time caufes the fuperabundant fluid to be ilowly 
diflipated, and brings the integral parts nearer each other 
by infenfible gradation, and without any fudden fhock. 
Thefe integrant parts therefore unite according to their 
conftant laws, and form a regular cryital. For this rea- 
fon it is, that flow evaporation is recommended by all 
good chemifts. Vide StahPs Treatife en falts, chap. 29. 

Jn proportion as the evaporation of the folvent is effec- 
ted, the principles of the diffolved body approach each 
other, and their affinity is continually augmented while 
that of the folvent remains unaltered. Hence it arifes, 
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no doubc, that the Lift portions of the iblvent arc mod 
difficultly volatilized, and that falts retain a greater or 
lefs quantity, which forms their water of cryftallization. 
The proportion of water of cryltallization not only varies 
greatly in the different falts, but it adheres with greater 
or lefs ftrength. There are fome which fuffer this water 
to. fly off when they are expofed to the air ; fuch as ioda 
or the mineral alkali, the fulphate of foda or Glauber's 
fait, &c. In this lituation thefe falts lofe their tranfpa- 
rency, and fail into powder: they are then faid to have 
efilorefced. There are other falts which obftinately retain 
their water of cryltallization ; fuch as the muiiate of pot- 
am, the nitrate of pot-am or common nitre, &c. 

The phenomena prefented to us by the different falts, 
when forcibly deprived of their water of cryltallization, 
exhibit other varieties. Some crackle with the heat, and 
are thrown about in I'm all pieces when the water is difli- 
pated : this appearance is called decrepitation. Others e- 
mit the fame water in the form of lleain, and are liquefied 
with a diminution of their bulk. Others again fwell up, 
and become converted into a buffered or porous fubftance. 

We are indebted to Mr. Kirwan for an accurate table 
of the water of cryftallization contained in each fait. 
This table may befeen by consulting his Mineralogy. 

The fimple cooling of the fluid which holds the fait in 
iolution may precipitate a confiderable quantity. The 
caloric and the water diffolve a greater quantity of fait 
when their action is united ; and it may eafily be ima- 
gined that the subtraction of one of the folvents mull 
pecafion the precipitation of that portion which it held in 
iolution. Thus it is that warm water faturated with fait, 
mull fuffer a part to precipitate by cooling ; and for this 
reafon cryftallization always begins at the furface of the 
liquid, and on the fides of the containing veffel ; namely, 
becaufe thefe parts are the firft which fuffer refrigera- 
tion. 

It is the alternation of heat and cold which caufes the 
atmofphere to diffolve fometimes a greater, and fometimes 
a lefs quantity of water j and conftitutes miffs, the even- 
ing dew, &c. 
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The mutual approach of the condiment parts of a body- 
held in lblution may be likewife accelerated by prefenting 
to the water which fufpends them, another body which 
has a flronger amnity to it. It is upon this principle that 
alcohol precipates feveral falts. 

B. Space or diffident room is likewife a condition necef- 
fary for obtaining regular cryflallization. If nature be 
retrained in her operations, the product of her labour 
will exhibit fymptoms of this ftate of conftraint. It may- 
be afferted that nature forms her productions according 
to all the circumftances which may influence her opera- 
tions. 

C* A ftate of repofe in the fluid is likewife neceffary 
to obtain very regular forms. Uninterrupted agitation 
oppofes all fymetrical arrangement ; and in this cafe the; 
cryitallization obtained will beconfufedand indeterminate. 

I am perfuaded that, in order to obtain bodies under 
the form of cryftals, a previous folution is not neceffary, 
but that a fimple mechanical divifion would be fufficient. 
To obtain a conviction of this truth, it is only neceflary to 
obferve that folution does not change the nature of bodies, 
butfimply procures an extreme ftate of divifion ; fo that 
the difunited principles approaching each other very gra- 
dually, and without ftarts, can adapt themfelves to each 
other, by followingthe invariable laws of their gravity and 
affinity. Now a divifion purely mechanical produces the 
fame effect, and places the principles in the fame difpofi- 
tion. We ought not therefore to be furprifed if moft 
falts, fuch as gypfum, when difperfed in the earth, mould 
affume regular forms without any previous folution ; nei- 
ther ought we to think it ftrange if the imperceptible 
fragments of quartz, of ipar, &c. when carried along and 
prodigioufly divided by the action of waters, mould be 
depofited in the form of regular cryftals. 

A very Angular property may be obferved in falts ; 
which may be referred to cryitallization, but is likewife 
in f'ome meafure remote from it,becaufe it does not depend 
upon the fame caufes. This is the property of riling along 
the fides of the veilels which contain the lblution. It is 
known by the name of Saline Vegetation. 
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I have firll deinonftrated that this phenomenon depends 
on the concurrence of air and light ; and that the effect 
may be determined at pleafure towards any part of the 
veflel, by managing and directing the action of' thefe two 
agents. 

I have fhewn the principal forms which this fingular 
vegetation affects. The detail of my experiments may be 
feen in the third volume of the Memoirs of the Academy 
of Touloufe. 

Mr. Dorthes has confirmed my refults ; and has more- 
over obferved that camphor, fpirits of wine, water, &c. 
which rife by infenfible evaporation in half-filled veffels, 
confiantly attach themfelves to the moft enlightened parts 
of the veffels. 

Meffrs. Petit and Rouelle have treated on the vegeta- 
tion of falts ; but a feries of experiments on the fubject 
was wanting. This is what we have endeavoured to 
ftipply. 



SECTION II. 

Concerning the various Means employed by Chemifts to overcome the 
Adhefion which exifts between the Particles of Bodies, 

JL HE law of affinities, towards which our 
attention has been directed, tends continually to bring the 
particles of body into contact, and to maintain them in 
their ftate of union. The efforts of the chemift arc almoft 
all directed to overcome this attractive power, and the 
means he employs are reducible to — i. The clivifion of 
bodies by mechanical operations. 2. The divifion or fepa- 
ration of the particles from each other by the afTiftance 
of folvents. 3. The means of preferring to the feveral 
principles of the fame bodies, fubftances which have a 
lironger affinity to them than thofe principles have to each 
Other. 
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I. The different operations performed upon bodies 
by the chemift, to determine their nature, alter their 
form, their texture, and even in ibme inflances change 
their conftitution. All thefe changes are either mecha- 
nical or chemical. 

The mechanical operations we fliall at prefent defcribe, 
do not change the nature of fubllances, but in general 
change only their form and bulk. Thefe operations are 
performed by the hammer, the knife, the peftle, &c. 
Whence it follows, that the chemical laboratory ought 
to be provided with all thefe inftruments. 
. Thefe divifions or triturations are performed in mortar^ 
of ftone, of glafs, or of metal. It is the nature of the 
fubftance under examination which determines theufe of 
one or the other of thefe veffels. 

The object of thefe preliminary operations is, to pre- 
pare and difpofe bodies for new operations which may 
difunite their principles and change their nature ; thefe 
lad-mentioned operations, which may be diftinguifhed by 
the appellation Chemical, are what mod effentially con- 
ftitute the analyfis. 

II. The folution to which we are at prefent to attend, 
confifts in the divifion and difappearance of a folid in a 
liquid, but without any alteration in the nature of the 
body fo diffolved. 

The liquid in which the folid difappears, is called the 
folvent or menftruum. 

The agent of folution appears to follow certain conftant 
laws, which we lhall here point out. 

A. The agent of folution does not appear to differ from 
that of affinity ; and in all cafes the folution is more or 
lefs abundant, the greater the affinity of the integrant 
parts of the folvent is to thofe of the body to be diffoived. 

From this principle it follows, that, to facilitate folu- 
tion, it is neceffary that bodies mould be triturated and 
divided. By this means a greater number of furfaces 
are prefented, and the affinity of the integrant parts is 
diminifhed. 

It fometimes happens that the affinity between the 
folvent and the body prefented to it has lo little energy. 
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that it does not become perceptible till after a confider- 
able interval of time. Thefe flow operations, of which 
we have fome examples in our laboratories, are common 
in the works of nature; and it is probably to fimilar 
caufes that we ought to refer moft of thofe remits whofe 
caufes or agents efcape our perception or obfervation. 

B. Solution is more fpeedy in proportion as the body 
to be diffolved prefents a greater furface : on this prin- 
ciple is founded the practice of pounding, triturating, and 
dividing: bodies intended to be diffolved. Bergman has 
even obferved, that bodies which are not attacked in 
confiderable maffes, become foluble after minute divifion. 
Letters on Iceland, p. 421*. 

C. The folution of a body conftantly produces cold. 
Advantage has even been taken of this phenomenon to 
procure artificial cold, much fuperior to the moft rigor- 
ous temperature ever obferved in our climates. We mail 
again advert to this principle when we come to treat of 
the laws of heat. 

The principal folvents employed in our operations are 
water, alcohol, and fire. Bodies fubmitted to one or the 
other of thefe folvents prefent fimilar phenomena ; they 
are divided, rarefied, and at laft disappear ; the moft 
refractory metal melts, is diflipated in vapour, and paf- 
fes to the ftate of gas, if a very ftrong heat be applied to 
it. This laft ftate forms a complete folution of the metalic 
fubftancc in the caloric. 

The effect of caloric is often united with one of the 
other folvents, to accompli fh a more fpeedy and abundant 
folution. 

The three folvents here mentioned do not exercife an 
equal action on all bodies mdifcriminalely. Skilful che- 
mifts have exhibited tables of the diffblving power of 
thefe menftruums. We may fee, in the Mineralogy of 
Kirwan, with what care that celebrated chemift has 
exhibited the degree of folubility of each fait in water. 
The table of Mr. De Morveau may likewifc be coniulted 

* Von T roil's. Letters quoted 'by Mr. Bergman. T. , 
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on the iliffolving power of alcohol. Journal de Phyli- 
que, 1785. 

Moft authors who have treated of folution have confi- 
deredit in too mechanical a point of view. Some have 
fuppofed fheaths in the folvent, and points in the body 
diffolved. This abfurd and gratuitous fuppofition has 
appeared fufiicient to account for the a&ion of acids upon 
bodies. Newton and Gaffendi have admitted pores in 
water, in which falts might infinuate themfelves ; and 
have by this means explained why water does not augment 
in its bulk in proportion to the quantity of fait it takes up. 
Gaffendi has even fuppofed pores of different forms ; 
and has endeavoured to (hew by this means how water 
fatu rated with one fait may diffolve others of another 
kind. Dr. Watfon, who has obferved the phenomena 
of folution with the greateil care, has concluded from 
his numerous experiments ; 1 . That the water rifes in 
the veffel at the moment of the immerfion of the fait. 1. 
That it falls during the folution. 3. That it rifes after 
the folution above the original level. The two laft effects 
feem to me to arife from the change of temperature whicli 
the liquor undergoes. The refrigeration arifmg from 
the folution mud diminifii the volume of the folvent ; but 
it ought to return to its firft flate as foon as the diffolution 
is fimfhed. The tables of Dr. Watfon reflecting thefe 
phenomena, and the fpecific gravity of water faturated 
with different falts, may be confulted in the Journal de 
Phyfique, vol. xiii. p. 62*. 

III. As the peculiar affinities of bodies to each other 
are various, the conftituent principles may be eafiiy difen- 
gaged by other fubftances ; and it is upon this confidera- 
tion that the action of all the re-agents employed by che- 
miftry in its analyfis is founded. Sometimes the cheinifl 
difplaces certain principles, which he can in that Rate 
examine more accurately, becaufe infulated, and difen- 
gaged from all their combinations. It frequently hap- 
pens that the re-agent made ufe of combines with fome 
principle of the body analyfed ; and a compound ai 

* Or in the fifth vol. of his Clseinical Eflays. T. 
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whole characters indicate to us the nature of the principle 
which has thus entered into combination, becauie the 
combinations of the principal re-agents, with various bafes 
are well known. It likewife frequently happens that the 
re-agent made ufe of is itfelf decompofed, which circum- 
ftance renders the phenomena and the products more com- 
plicated ; but we are enabled from the nature of thefe pro- 
dufts to form a judgment of the component parts of the 
body analyfed. This laic fatt was little attended to by 
the ancient chemifts ; and this is one of the principal de- 
fects of the labours of Stahl, who has referred moil of 
thofe phenomena to the bodies which he fubmitted to 
analyfis, which in reality arofe only from the decompofi- 
tion of the re-agents employed in his operations. 



SECTION III. 

Concerning the Method of Proceeding which the Chemift ought to fol- 
low in the Study of the various Bodies prefented to us by Nature. 

X HE progrefs made in any fcience depends 
upon the foiidity of thofe principles which form its bafis, 
and upon the method of ftudying them. It is not, there- 
fore, to be wondered at, that cheiniftry made but little 
progrefs in thofe times, when the language of chemifts 
was enigmatical, and when the principles of the fcience 
were founded only on analogies falfely deduced, or on a 
few facts illy underftood. In the times which have follow- 
ed this epocha, the facts have indeed been more attended 
to ; but, inftead of fuffering them to fpeak for themfclves 
chemifts have been defirous of making applications, draw- 
ing confequences, and cftablifhing theories. Thus it was 
that Stahl, when he firft: obferved that oil of vitriol and 
charcoal produced fulphur, if he had then confined him- 
felf to the limple relation of the fact, he would have an- 
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nounced a valuable and eternal truth ; but when he con- 
cluded that the fulphur was produced by the combination 
of the inflammable principle of the charcoal with the oil 
of vitriol, he aflerted that which the experiment does not 
point out : then it was that he proceeded further than the 
facts warranted ; and this firft rafh ftep might be a firft 
ltep towards error. All doctrine, in order to be lafting, 
ought to confift of the pure and fimple exprefllon of facts: 
but we are almofl always governed by our imaginations; 
we adapt the facts to our manner of feeing them, and thus 
we are milled by ourfelves. The prejudice of felf-love 
afterwards furnifhes us with variousmeans to avoid recan- 
tation ; we exert ourfelves to draw our fucceffors into the 
fame paths of error ; and it is not till after much time has 
been loft, after many vain conjectures have been exhibited 
and after we have the ftrongeft convictions that it is im- 
poffible to bend the nature of things to our caprices and 
unfounded ideas, that fome fuperior mind difengages it- 
felf from the delufion ; and returning to experiment, and 
the nature of things, fuffers himielf to be led no further 
than he is authorized by thefe to proceed. 

We may affirm to the honour of our contemporaries, 
that facts are at prefent difcuffed by a much feverer logic ; 
and it is to this vigorous method of inveftigation and dif-- 
cuffion that we are indebted for the rapid progrefs of che- 
miftry. It is in confequence of this dialectic march that 
we have at length arrived to the practice of attending to 
all the principles which are combined or difengaged in 
the operations of nature and art. We keep an account 
of all the circumftances which have a more or lefs conll- 
derable influence on the remits, and we deduce fimple and 
natural confequences from the whole of the facts ; by 
which means we create a fcience as ftrict in its principles 
as fublime in its applications. 

This then is the moment to draw out a faithful fketch 
of the actual ftate of chemiftry, and to collett in the nume- 
rous writings of modern chemifts every thing which may 
ferve to lay the foundation of this beautiful fcience. 

Not many years ago, it was poflible to prefent, in a 
few words, the whole of our knowledge of chemiftry. It 
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was fuHicient at that time, to point out the methods of 
performing pharmaceutical operations ; the proceiTes of 
the arts were almoft all enveloped in darknefs, the pheno- 
mena of nature were all enigmatical ; and it is only lince 
this veii has begun to be removed that we have beheld 
the devclopement of a colle£tion of facts and refearches 
leferable to general principles, and forming a fcience en- 
tirely new. Then it was that a number of mra of genius 
reviewed the whole, and attended to the improvement of 
chemical knowledge. Every flep in their progrefs brought 
them nearer to the truth ; and in a few years we have 
beheld a perfpicuous doctrine arifeout of the ancient chaos. 
Every event has appeared comformable to the laws they 
eftablifhed ; and the phenomena of art and nature are 
now explained with equal facility. 

But in order to advance with fpeed in the career which 
has been thus opened, it is neceffary to explain certain 
principles, according to which we may direct our Heps. 

In the firfl place, I think it proper to avoid that tedious 
cuftom which fubjects the beginner in any fcience to the 
painful talk of collecting all the opinions of various philo- 
sophers before he decides for himfelf- In reality, facts 
belong to all times, and are as unchangeable as nature 
herfelf, whofe language they are. But the confequences 
deduced from them mult vary according to the Hate of 
our acquired knowledge. It is eternally true for exam- 
ple, that the combuflion of fulphur affords the fulphuric 
acid. It was believed, for a certain time, that this acid 
was contained in the fulphur ; but our discoveries on the 
combuftion of bodies ousfht to have led us to thededuction 
of a very different theory from that which prefented itfelf 
to the earlier chemifts. We ought, therefore, to attach 
ourfelves principally to facls ; or rather we ought to attach 
ourfelves to the facts only, becaufe the explanation which 
is given of them at remote times is very ieldom fuited to 
the prefent Rate of our knowledge. 

The numerous facts with which chemiflry has been fuc- 
ceffively enriched, form the firft embarraffment of the 
ftudent who is defirous of acquiring the elements of this 
fcience. In fact, what are the elements of a fcience? The 
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clear, fimple, and accurate enunciation of thofe truths 
which form its bafis. It is necefTary, therefore, for the 
fullaccomplifhment of this purpofe, to analyfe all the facts, 
and to exhibit a faithful and clear abridgment : but this 
method is impracticable on account of the numerous de- 
tails, and the infinite number of difcufiions, into which 
it would lead us. The only proceeding, therefore, which 
appears to me to be practicable, is to exhibit the moft de- 
cilive experiments, thofe which are the leafl contcftcd, 
and to neglect thofe which are doubtful or inconclufive : 
for one experiment, well made, eftablifhes a truth as in- 
conteftably as a thoufand equally averred. 

When a proportion is found to be fupported by fufpi- 
cious or contested facts, when oppofite theories are built 
upon cantradictory experiments, we muft have the cou- 
rage to difcufs them, to repeat them, and to acquire a cer- 
tainty of the truth by our own endeavours. But when 
this method of conviction is out of our power, we ought 
to weigh the degree of confidence which the defenders of 
the oppofite facts are entitled to ; to examine whether 
analogous fa£ts do not lead us to adopt certain refults ; 
after which it becomes us to give our opinion with that 
modefty and circumfpection, luitable to the greater or 
lefs degree of probability annexed to each opinion. 

But when any doctrine appears to us to be eftablifhed 
on experiments of fufficient validity, it then remains to 
be applied to the phenomena of nature and art. This, in 
my opinion, is the mod certain touchftone to diflinguifh 
true principles from thofe which are without foundation. 
And when I obferve that all the phenomena of nature 
unite, and conform themfelves, as it were, to any theory, 
I conclude that this theory is the exprefhon and the lan- 
guage of truth. When, for example, I behold that a 
plant can be fupported by pure water alone, that metals 
are calcinable, that acids are formed in the bowels of the 
earth, have I not a right to conclude that the water is 
decompofed ? and do not the chemical facts which in our 
laboratories afford a teftimony of its decomposition — do 
not thefe acquire a new force by the obfervation of the 
preceding phenomena ? I conclude, therefore, that we 

JLi 
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ought to make a point of uniting thefe two kind 
proofs : and a priciple deduced from experiment is not, 

in my opinion demonftrable until I fee that it may with 
facility be applied to the phenomena of art and nature. 
Hence, if I find myfelf in a ftate of hciitation between 
oppofite fyftems, 1 will decide in favour of that whofe 
principles and experiments adapt themfelves naturally, 
and without force to the greateft number of phenomena. 
I will always diftruft a fingle fact, which is applicable to 
no concluiion ; and I will conlider it as falfe, if it be in 
opposition to the phenomena which nature prefents to us. 
It appears to me like wife that he who profcfTes to 
ftudy, or even to teach chemiftry, ought not to endea- 
vour to arriveat or exhibit the whole which has been done 
in each department, or to follow the tedious progrefs of 
the human mind from the origin of a difcovery to the 
prefent time. This faftidious erudition is fatiguing to the 
learner ; and thefe digrefHons ought in no cafe to be ad- 
mitted in the enunciation of fcience, excepting when 
the hiftorical details afford interefting facts, or lead us by 
uninterrupted degrees to the prefent ftate of our know- 
ledge. It rarely happens, however, that this kind of 
refearches, this geneology ot fcience, affords us fuch cha- 
racters; and it ought no more to be admitted, in general, 
that an elementary writer mould bring together and dif- 
cufs every thing which has been done in a fcience, than 
that he who undertakes to direct a traveller ihould 
previoufly enter into a long defertation on all the roads 
which have been fuccemvely made, and on thofe which 
ftill exift, before he mould point out the beft and fhorteft 
way to arrive at the end of his journey. It may, perhaps, 
be faid of the hiftory of fcience, and more efpecially that 
of chemiftry, that it refembles the hiftories of nations. 
It feldom affords any light rcfpecling the prefent fituation 
of affairs; exhibits many fables concerning paft times ; 
induces a neceffity of entering into difcuffions upon the 
circumftances that pafs in review ; and fuppofes a mafs 
of extraneous knowledge acquired on the part of the rea- 
der, which is independent of the purpofc aimed at in tha 
Stludy or the elements of chemiftry. 
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"When thefe general principles, reflecting the ftudy of 
chemiitry, are once well eilablimed, we may afterwards 
proceed in the chemical examination of bodies in two 
ways : we may either proceed from the fimple to the com- 
pound, or we may deicend from the compound to the fim- 
ple. Both thefe methods have their inconveniences ; but 
the greateft, no doubt, which is found in following the 
firic method is, that, by beginning with the fimpleit bo- 
dies, we prefent fubftances to the confideration of the 
learner which nature veryfeldom exhibits in fuch a ftate 
of nakednefs and nmplicity; and we arc forced to conceal 
the ferics of operations which have been employed to 
diveft thefe fubftances from their combinations, and reduce 
them to the elementary ftate. On the other hand, if we 
prefent bodies to the view of the learner fuch as they are, 
it is difficult tofucceedin an accurate knowledge of them; 
beeaufe their mutual action, and in general moil of their 
phenomena, cannot be undcrftood without the previous 
and accurate knowledge of their conitituent principles, 
iince it is upon thefe alone that they depend. 

After having maturely confidered the advantages and 
inconveniences of each method, we give the preference to 
the firft. We (hall therefore begin by giving an account 
of the feveral bodies in their mod elementary ftate, or 
reduced to that term beyond which analyfis can effect 
nothing; and, when we mall have explained their various 
properties, we will combine thefe bodies with each other, 
which will afford a clafs of fimple compounds: and hence 
we fhall rife by degrees to the knowledge of bodies, and 
the moft complicated phenomena. We fhall be careful, 
in any examination of the feveral bodies to which we fhall 
direct our refearches, toproceedfrom known to unknown ; 
and our firft attention fhall be directed to the elementary, 
fubftances. But as itis impofilble, at one andthc lame time, 
to treat of all thofe fubftances, which the prefent ftate of 
our knowledge obliges us to confider as elementary, we 
fhall confine ourfelves to the exhibition of fuch as are of 
the greateft importance in the phenomena of the globe 
we inhabit, fuch as are almoft universally fpread over its 
furface, and fuch as enter as principles into the compo- 
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fition of the re-agents moft frequently employed in our 
operations ; fuch, in a word, as we continually find in the 
examination and analyfis of the component parts of the 
globe. Light, heat, fulphur, and carbone are of this 
number. Light modifies all our operations, and moil 
powerfully contributes to the production of all the pheno- 
mena which appertain to bodies either living or inanimate. 
Heat, diftributed after an unequal proportion among all 
the bodies of this univerfe, eftablifhes their various de- 
grees of confidence and fixity ; and is one of the great 
means which art and nature employ to divide and volati- 
lize bodies, to weaken their force or adhefion, and by 
that means prepare them for analyfis. Sulphur exifts in 
the products of the three kingdoms ; it forms the radical 
of one of the belt known, and molt generally employed, 
acids ; it exhibits interefting combinations with moft fim- 
ple fubftances ; and, under thefe feveral points of view, 
it is one of the fubftances the molt neceffary to be known 
in the firft fteps of chemical fciencc. The fame may be 
faid of carbone ; it is the moft abundant fixed product 
found in vegetables and animals. Analyfis has difcover- 
ed it in fome mineral fubftances. Its combination with 
oxigene is fo common in bodies, and in the operations of 
art and nature, that there are fcarcely any phenomena 
which do not prefent it to our view, and which confe- 
quently require the knowledge of its properties. From 
all thele reafons it appears to us, that for the advance- 
ment of chemiftryitis neceffary our firft proceedingihould 
be founded on the knowledge of thefe fubftances ; and 
that we fhould not direel: our attention to other fimple or 
elementary fubftances, accordingly as they prefent them- 
felves. 
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SECTION IV. 

Cencerning Simple or Elementary Subftances. 



F we cafi an eye over the fyftems which have 
been fucceflively formed by philofophers relative to the 
number and nature of the elements, we mail be aflo- 
nifhed at the prodigious variety which prevails in their 
manner of thinking. In the earlier times, every one 
feems to have taken his own imagination for his guide; 
and we' find no reafonable fyftem until the time when 
Ariflotle and Empedocles acknowledged as elements, 
Air, Water, Earth, and Fire. Their opinion has been 
well received for many ages ; and k mull be confefTed 
that it is calculated to feduce the mind. There are, in 
faft, enormous mafies, and inexhauflible (lores, that pre- 
fent themfelves to our view, of thefe four principles, to 
which the deflruction or decompofition of bodies appeared 
to refer all the feveral component parts which formation 
or creation had taken from them. The authority of all 
thofe great men who had adopted this fyftem, and the 
analyfis of bodies which prefented only thefe four princi- 
ples, afforded fufHcient grounds for admitting this doc- 
trine. 

But as foon as chemiftry had advanced fo far as to 
difcover the principles of bodies, the profeffors of that 
fcience prefumed to mark the number, nature, and 
character of the elements ; and every fubflance that was 
unalterable by the chemical methods of decompofition, 
was confidered by them as a fimple or elementary princi- 
ple. By thus taking the limits of analylis as the term 
for indicating the elements, the number and the nature 
of thefe mufl vary according to the revolutions and the 
progrefs of chemiflry. This has accordingly happened, 
as may be feen by confulting all the authors who have 
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written on this fubject, from the time of Paracdfus to 

the prefent day. But it muft be confeffed that it is no 

fmall degree of rafhnefs, to affume the extent of the 

power of the artift as a limit for that of the Creator, and 

to imagine that the ftate of our acquifitions is a irate of 

perfect knowledge. 

The denomination of Elements oueht therefore to be 

o 

effaced from a ch-emical nomenclature, or at leaft it ought 
not to be nied but as an expreffion denoting the laft term 
of our analytical refults ; and it is always in this fenfc 
that we fhali ufe the word. 
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CHAPTER. I. 



Concerning F:re. 



j[ HE principal agent employed by nature to 
balance the power and natural effect of attraction, is fire. 
By the natural effect of attraction we mould poffefs none 
but folid and compacl bodies ; but the caloric unequally 
difperfed in bodies tends inceflantly to deilroy this adhe- 
fion of the particles ; and it is to this principle that we 
are indebted for the varieties of confiftence under which 
bodies prefent themfelves to our obfervation. The various 
fubftances that compofe this univerfe are therefore fub- 
jected, on the one hand, to a general law which tends to 
bring them together ; and, on the other hand, to a 
powerful agent which tends to remove them from each 
other : it is upon the refpective energy of thefe two 
forces that the confiftence of all bodies depends. When 
the affinity prevails, they are in the foiid ftate ; when 
the caloric is mod powerful, they are in the ftate of gas ; 
and the liquid ftate appears to be the point of the equili- 
brium between thefe two powers. 
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It is therefore ellentially necefiary to treat of fire, fince 
it acts fo leading a part in this univerfe ; and becaufe it is 
impoffible to treat of any fubftance whatever, without 
attending to the influence of this agent. 

There are two things to be conlidered in lire — heat 
and light. 

Thefe two principles, which have been very often 
confounded, appear to be very dirtinc! in their own 
nature ; becauie they are fcarcely ever proportional to 
each other, and becaufe each can exilt without the other. 

The molt ufual acceptation of the word Fire compre- 
hends heat and light ; and its principal phenomena muft 
have been known for a long time. ' The difcovery of lire 
mull have been nearly as ancient as the human fpecies 
upon this globe. The fhock of two flints, the action of 
meteors, or the effect of volcanos, muft have afforded 
the earlieft idea of it ; and it is very aftonilhing that the 
inhabitants of the Marian Iilands were not acquainted 
with its effects before the invafion of the Spaniards. 
Thefe iilanders, who became acquainted with this terrible 
element only in confequence of its ravages, conlidered it 
at firft as a malevolent being which attached itfelf to all 
beings, and devoured them. — See the Abbe Raynal's 
Hiftoire Philofophique, &c. 

The effects of fire are perhaps the molt aftonifning of 
any which nature exhibits ; and we ought not to be 
furprifed that the ancients conlidered it as an intermediate 
being between fpirit and matter, and have built the beau- 
tiful fable of Prometheus upon its origin. We have had 
the happinefs, in our time, to acquire well-founded and 
extenfive ideas refpecting this agent, which we fhall pro- 
ceed to develope in the two following articles. 

ARTICLL I. 

Concerning Caloric and Heat, 

When a metal or a liquid is heated, thefe bodies are 
dilated in every direction, are reduced to vapour, and at 
laft become invifible when the molt powerful heat is ap- 
plied to them. 
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Bodies which poffefs the principle of heat, part with it 
more or kfs readily. If we attentively obf'crvc a body 
during its cooling, a flight movement of undulation will 
be perceived in the furrounding air j an effeft which may 
be compared to the phenomenon exhibited upon the mix- 
ture of two liquors of unequal denfity and weight. _ 

It is difficult to conceive this phenomenon without 
admitting of a peculiar fluid, which panes firft from the 
body which heats to that which is heated, combines with 
the latter, produces the effe&s we have fpoken of, and 
afterwards efcapes to unite with other bodies, according 
to its affinities, and the law of equilibrium, to which all 
bodies tend. 

This fluid of heat, which we call Caloric, is contained 
in greater or lefs quantities in bodies, according to the 
greater or lefs degrees of affinity exifting between it and 
them. 

Various means may be employed to difplacc or difen- 
gage the caloric. The firft is by the method of affinities : 
for example, water poured upon the fulphuric acid expels 
the heat, and takes its place ; and while there is a difen- 
gagement of heat, the volume of the mixture does not 
increafe in proportion to the bulk of the two fubftances 
mixed. This mews that penetration takes place, which 
cannot be explained but by admitting that the integrant 
parts of the water take the place of the caloric, in pro- 
portion as it is diffipated. — The fecond method of precipi- 
tating caloric, is by friction and compreihon. In this 
cafe it is expreffed or fqueezed out, in the fame manner 
as water from a fpunge. In reality, the whole of the 
heat which may be produced by friclion, is not afforded 
by the body itfelf ; becaufe, in proportion as the interior 
heat is developed, the external air acts upon the body, 
calcines or inflames it, and itfelf gives out heat during its 
fixation. Fermentation, and in general every operation 
which changes the nature of bodies, may difengage 
caloric, becaufe the new compound may demand and 
receive a greater or lefs quantity. Hence it is that che- 
mical operations produce fometimes cold, and fometimes 
heat. 
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1 ,et us now examine the form under which caloric pre- 
fents itfelf. 

This fluid is difengaged either in a ftate of liberty, or 
in a ftate of combination. 

In the firft cafe, the caloric always endeavours to 
obtain an equilibrium ; not that it is diftributed equally 
among all bodies, but it is difperfed among them accor 
ding to the degrees of its affinity. Whence is follows, 
that the circumambient bodies receive and retain a quan- 
tity more or lefs conilderable. Metals are eafily penetra- 
ted by this fluid, and tranfmit it with equal facility ; 
wood and animal fubftances receive it to the degree of 
combuftion ; liquids, until they are reduced to vapour. 
Ice alone abforbs all the heat communicated to it, without 
giving it out to other bodies until it has acquired the 
fluid ftate*. 

The degree of heat can be appreciated only by its ef- 
fects : and the inftruments which have been fucceflively 
invented to calculate it, and are known by the names of 
thermometers, pyrometers, &c. have been applied to 
the ftrict determination of the feveral phenomena exhibit- 
ed in confequence of the abforption of caloric in various 
bodies. 

The dilatation of fluids or of metals in the fluid ftate, 
by the feveral degrees of heat, has been long meafured by 
thermometers formed of glafs ; but this very fufible fub- 
ftance can only be ufed to afcertain degrees of heat infe- 
rior to that which renders the glafs itfelf fluid. 

Several means have been fucceflively propofedfor calcu- 
lating the higher degrees of heat. Mr. Leidenfroft has 
proved that the hotter a metal is, the more flowly will 
drops of water evaporate from its furface ; and he has 
propofed this principle for the conftruction of pyrometers. 
A drop of water in an iron fpoon, heated to the degree 
of boiling water, evaporates in one fecond ; a fimilar 
drop, poured on melted lead, is diffipated in fix or leven 

* The ingenious author has inadvertently been guilty of an overfight. 
Not only ice, but all other bodies, abforb heat, during liquefaction, 
as he himfelf fhevvs hereafter. T. 

M 
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feconds ; and upon red-hot iron in thirty. Mr. Ziegler, 
in his Specimen de digeftore Papini, has found that 89 
feconds were required to evaporate a drop of water at 
520 degrees of Fahrenheit ; and that one fecond is fuih- 
cient at the 300th degree, "litis phenomenon, which is 
more interefting to chemiftry tlian pyrometry, to which 
it will always afford refults little fufceptible of rigorous 
calculation, appears to me to depend upon the adhtiion 
and decomposition of the water upon the metal. 

The moft accurate pyrometer we are acquainted with, 
is that which was presented to the Royal Society of Lon- 
don by Mr. Wedgwood. It is constructed upon the prin- 
ciple, that the pureft clay fhrinka in the fire in propor- 
tion to the heat applied to it. This pyrometer confiils of 
two parts ; one called the gauge, which ferves to meaiure 
the degrees of diminution or fhrinking ; the other con- 
tains the fimple pieces of pure clay, which are called ther- 
mometer pieces. 

The gauge is formed of a plate of baked earth, upon 
which are applied two rulers or ftraight pieces of the fame 
fubftance. Thefe rulers, being perfe&ly ftraight and 
even, are placed at the diitance of half an inch from each 
other at one of their ends, and three-tenths of an inch at 
the other. For greater convenience, the gauge is divided 
into two parts, and the two pieces are placed endways 
when required to be ufed. The length of this rule is 
divided into 240 equal parts, of which each reprefents 
one-tenth of an inch*. To form the thermometer pieces, 
the earth is fifted with the greateft attention, after which 
it is mixed with water, and the paile thruft through an 
iron tube, which gives it a cylindrical form, to be cut 
afterwards into pieces of a proper fize. When the pieces 
are dry, they muft be prefented to the gauge, where they 
ought to fit at the place of o on the fcale. If by inadver- 
tence of the workmen any piece penetrates to one or two 
degrees further, this degree is marked on its flat furface, 
and requires to be deducted when the piece is ufed in the 

* This is, in fact, the twelve-hundredth of an inch in the width ac- 
cording to the dimensions here given. T, 
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admeafurement of heat. The pieces thus adjufted are 
baked in a furnace to a red heat, to give them the coniif- 
tence neceffary for carriage. The heat employed in this 
part of the procefs is ufually about hx degrees, and the 
pieces are diminiihed more or lefs ; but this is of no con- 
sequence when they come to be fubmitted to a fuperior 
degree of heat ; and if it mould happen that an inferior 
degree of heat is required to be meafured, unbaked pieces 
are to be ufed, which are preferved in (heaths or cafes to 
avoid friction. 

When this pyrometer is to be ufed one of the pieces is 
expofed in the lire-place whofe heat is required to be de- 
termined ; and when it has acquired the whole intenfity, 
it is taken out, and fuffered to cool, or for greater fpeed 
it is plunged in water ; after which it is presented to the 
gauge, and its degree of contraction eafrly determined. 
Mr. Wedgwood has given us the refult of feveral experi- 
ments made with his pyrometer, oppofite to which he has 
placed the correfpondent degrees of Fahrenheit. 

Pyrometer Thermometer 
of Wedgwood, of Fahrenheit, 
Red heat vifible by the light 
Brafs melts at - 

Sweedifh copper melts at - - 

Pure filver melts at 
Pare gold melts at - 
The heat of bars of iron raifed to f fmall bar 

welding 1 large bar 

The greateft heat producible in a fmith's forge 
Caft iron melts at 
The greateil heat of a wind furnace of eight 7 

inches fquare 3 

Thefe various thermometers are not applicable to all 
cafes. We cannot, for example, calculate with ftrictnefs 
the heat which efcapes from living bodies, or determine 
with precifion the temperature of any fubitance. But 
MefTrs. De la Place and Lavoifier (Acad, des Sciences, 
1780) have invented an apparatus which appears to leave 
nothing further to be defired. It is conftrucced upon the 
principle that ice abforbs ail the heat communicated to it, 
without communicating it to other bodies until the whole 
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is melted ; fo that from hence we may calculate the de- 
grees of heat communicated, by the quantity or ice which 
is melted. It was necefiary, in order to afford ltricr. re- 
fuks, to difcover the means of cauling the ice to abforb 
all the heat diicngaged from the bodies under examination, 
and to cover it from the aclion of every other fubftance 
which might facilitate its fufion ; and, laftly, to collect 
with great care the water produced by the fufion. 

The apparatus conftructed by thefe two celebrated aca- 
demicians for this purpofe, confifts of three circular vef- 
fels nearly inferibed in each other ; fo that three capacities 
are produced. The interior fpace or capacity is formed 
by an iron grating, upon fupports of the lame metal. 
Here it is that the bodies fubjected to experiment are 
placed. The upper part of this cavity is doled by means 
of a cover. The middle fpace, next to this, is defigned to 
contain the ice which furrounds the interior compartment. 
This ice is lupported and retained by a grate, upon which 
a cloth is fpread. In proportion as the ice melts, the 
water flows through the grate and the cloth, and is 
collected in a velTel placed beneath. Laftly, the external 
ipace or compartment of the apparatus contains ice in- 
tended to prevent the effect of the external heat of the 
atmofphere. 

To ufe this excellent machine, the middle or fecond 
fpace is filled with pounded ice, as islikewiie the cover of 
the internal fphere ; the fame thing is done with regard 
to the external fpace, as well as to the general covering of 
the whole machine : the interior ice is fullered to drain ; 
and, when it ceafes to afford water the covering of the 
internal fpace is raifed, to introduce the body upon 
which the experiment is intended to be made. Immedi- 
ately after this introduction, the covering is put on, and 
the whole apparatus remains untouched until the included 
body has acquired the temperature of o, or the freezing 
temperature of water ; which is the common temperature 
of the internal capacity. The quantity of water afforded 
by the melting of the ice is then weighed; and this is an 
accurate meafure of the heat difengaged from the body, 
becaufe the fufion of the ice is the effect of this heat only. 
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Experiments of this kind lad fifteen, eighteen, or twenty 
hours. 

It is of great confequence, that in this machine there 
Ihould be no communication between the middle, or fe- 
cond, and the external fpace. 

It is likewife necefiary that the air of the apartment 
fhould not be lower than o, becaufe the interior ice would 
then receive a degree of cold lower than that temperature. 

Specific beat is merely the proportional quantity of heat 
neceffary to raife bodies of equal mafs to the fame number 
of degrees of temperature ; 10 that, when the fpecific 
heat of a folid body is required, its temperature mult be 
elevated a certain number of degrees, at which inftant it 
mud be placed in the internal fphere, and there left until 
its temperature is reduced to o. 'live water is then 
collected, and this quantity divided by the product of 
the mafs of the body ; and the number of degrees of its 
original temperature above o, will be proportional to its 
fpecific heat. 

With regard to fluids, they are inclofed in veflels 
whofe heat has been previoufly determined. The ope- 
ration is then the fame as for folids : excepting that the 
quantity of water afforded muft be diminiilied by a deduc- 
tion of that quantity which has been melted by the heat 
of the veffel. 

If it be required to determine the heat which is difen- 
gaged during the combination of various fubitances, they 
mult be all reduced, as well as their containing veffels, to 
the temperature of o. The mixture muft then be placed 
in the internal fphcre ; and the quantity of water collected 
is the meafure of the difengaged heat. 

In order to determine the heat of combuftion and 
refpiration, as the renewal of air is indifpenfable in thefe 
two operations, it is necefiary to eftablifii a communi- 
cation between the internal part of the fphere and the 
furrounding atmofphere ; and in order that the introduc- 
tion of freih air may not caufe any perceptible error, 
thefe experiments ought to be made at a temperature 
little differing from o, or at lcaft the air which is intro- 
duced muff previoufly be brought to this temperature. 
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To determine the fpccific heat of any gas, it is necef- 
fary to eftabliih a current through the internal part of 
the fphere, and to place two thermometers, one at the 
place of introduction, and the other at the place of 
efcape. By comparifon of the temperatures exhibited 
by thefe two inltruments, a judgment is formed of the 
heat abforbed, and the melted ice is meafured. 

An excellent memoir of Meflrs. De la Place and Lavoi- 
fier may be confulted for the refults of the experin 
they hare made. The prefent extracl contains on i 
fhort account of their valuable labours. 

The various means made ufe of for the admeafurement 
of heat, are founded on the general principle, that different 
bodies abforb heat in greater or lefs quantities. If this 
fact were not generally admitted, it might be eftablifhed 
on the three following facts. Dr. Franklin having expo- 
fed two fmall pieces of cloth, of the fame texture but 
of different colours, upon the furface of fnow, perceived, 
a few hours afterwards, that the red cloth was buried in 
the fnow, while the other which was white had not 
fuffered any depreflion*. M. de SaufTure obferves, that 
the peafants of the mountains of Switzerland are careful 
to fpread a black earth over the furface of grounds 
covered with fnow, when they arc defirous of melting it, 
to fow their feed. So likewife children burn a black 
hat in the focus of a fmall lens which would fcarcely heat 
a white one. 

Such nearly are the phenomena of heat when it is 
difengaged in a ftate of liberty. Let us now contemplate 
thofe which it prefents when it efcapes from a ftate of 
combination. 

Heat is fometimes difengaged in a ftate of hmple 
mixture, as in the phenomena of vapours, fublimations, 
&c. If heat be applied to water, thefe two fluids will 
unite, and the mixture will be diflipatcd in the atmof. 
phere ; but it would be an abufe of words to call fo 
weak an union by the name of combination : for, as 
ioon as the heat becomes in a fituation to combine with 

* They were expofed to the rays of the fun. T. 
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other bodies, it abandons the water, which returns to a 
liquid iiate. This body, during evaporation, continually 
carries with it a portion of heat ; and hencty perhaps, 
refult the advantages of tranfpiration, perfpiratkm, &c. 

But heat very frequently contracts a true chemical 
union with the bodies which it volatilizes : this combi- 
nation is even fo perfect, that the heat is not perceptible , 
but is neutralized by the body with which it is combined. 
It is then called latent heat, calor latent. 

The feveral cafes in which heat enters into combination, 
and paiTes to the ftate of latent heat, may be reduced to 
the two following principles : 

The firft principle.— Every body which panes from the 
folid to the liquid ftate, abforbs a portion of heat, which 
is no longer ienfible to the thermometer, but exifts in a 
true Hate of combination. 

The academicians of Florence filled a vefiel with poun- 
ded ice, and plunged a thermometer in it, which def- 
cended to o. The vefiel was then immerfed in boiling 
water, and the thermometer did not rife during the whole 
time of the liquefaction of the ice. The fulion of ice 
therefore abforbs heat. 

Mr. Wilcke poured a pound of water, heated to the 
6oth degree of Reaumur, upon a pound of ice. The 
melted mixture pofiefled the temperature of o. Sixty 
degrees of heat had therefore entered into combination. 

The Chevalier Laudriani has ftiewn that the fulion of 
metals, of fulphur, of phofphorus, of alum, of nitre, &c. 
abforb heat. 

Cold is produced in the difiolution of all the crystalli- 
zed falts. 

Reaumur made a feries of very interefting experiments 
on this lubjecf., which confirm thofe of Boyle. Fahrenheit 
caufed the thermometer to defcend to forty degrees, by 
melting ice by ftrong nitrous acid. But the rnoft aftqnilh- 
ing experiments are thofe made by Mcffrs. Thomas Bed- 
does*, phyfician, and Walker, apothecary at Oxford, 

* It does not appear that Dr, Beddoes either had or pretends to have 
any other (hare in the experiments of Mr. Walker, than that of having 
cranfmitted them to the Royal Society. T. 
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and inferted in the Philofophical Tranfa&ions for the year 
1787!. The mixtures which produced the greateft 
degrees of cold are, 1. Eleven parts of muriate of ammo- 
niac, or common ial ammoniac; ten parts of nitrate of pot- 
ato, or common nitre ; fixteen parts or ' lulphatc of foda, 
or Glauber's fait ; with thirty-two parts by Weight of 
water : the two firft falts mould be dry, and in powder. 
2. The nitric acid, muriate of ammoniac, and fulphate 
of foda, lowered the thermometer to eight degrees under 
©. Mr. Walker has frozen mercury without ufing either 
ice or fnow. 

It is therefore an incontrovertible principle, that all 
bodies which pais from the folid to the liquid ftate, abforb 
heat, and retain it in fo accurate a combination as to 
afford no fign or its pretence. The heat is therefore fixed, 
neutralized, or latent. 

The fecond principle. — All bodies, by paffing from the 
folid or fluid ftate to the aeriform ftate, abforb heat, 
which becomes latent ; and it is by virtue of this heat 
that mch bodies are placed and maintained in that ftate. 

On tills principle is founded the procefs ufed in China, 
India, Perfia, and Egypt, to cool liquors ufed for drink. 

The water intended for this purpofe is put into very 
porous veffels, and expofed to the fun, or to a current of 
warm air, to cool the fluid contained within them. 

It is by fimiiar means that cool drink is obtained in the 
long journeys of the caravans. Interefting details on this 
fobject may be feen in the Travels of Chardin, vol. iii. 
1723 ; Tavernier's Voyages, vol. i. edit. 1738 ; Paul 
Lucas's Voyages, vol. ii. edit. 1724; and alfo in the Mun- 
dus Subterraneous of P. Kircher, lib. vi. fee. 2. cap. 2. 

We may conclude from the experiments of Mr. Rich- 
•mann, made in 1747, and inferted in the firft volume of 
the imperial Academy of Peteriburgh, 1. That a thermo- 
meter taken out of water, and expofed to the air, always 
defcends, even when its temperature is equal or fuperior 
to that of the water. 2. That it afterwards rifes, until 
that it has acquired the temperature of the atmofphere. 

f Alio in the fubfequent volumes. 
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3. That the time of defcending is lefs -than that which it 
employs to rife again. 4. That when the thermometer, 
withdrawn from the water, has arifen to the common 
temperature, its bulb is dry ; but that it continues wet 
during the whole time of its {landing beneath this com- 
mon temperature. 

To thefe confequences we will add others deduced from 
feverai curious experiments by the celebrated Cullen. 1. 
A thermometer fufpended in the receiver of the air pump, 
defcends two or three decrees during the time of exhauf- 
tion, and afterwards rifes to the temperatureofthe vacuum. 
2. A thermometer plunged in alcohol, in the receiver 
of the air pump, always defcends, and the lower in pro- 
portion as the bubbles are ftronger which ilfue from the 
alcohol; if it be withdrawn from this liquor, and fufpend- 
ed wet beneath the receiver, it falls eight or ten degrees 
while the air is pumping out. 

It is well known that if the ball of a thermometer be 
wrapped in fine linen, and kept moid by fprinkling with 
ether, and the evaporation be facilitated by agitation in 
the air, the thermometer will defcend to o. 

The immortal Franklin has proved, in his own perfun, 
that when the body perfpires iirongly, it is lefs heated 
than furrounding bodies, and that perfpiration always 
produces a certain degree of coldnefs. — See his Letter to 
Dr. Lind. 

The great number of labourers in the burning heats of 
our climate fupport themfeives only by virtue of a copi- 
ous perfpiration, the fluid for which they replenifh by 
drinking plentifully. The workmen employed in glafs- 
houfes, founderies, &c often live in a medium hotter than 
their bodies, the natural temperature of which is equaii. 
zed and moderated by perfpiration. 

If evaporation be increafed by agitation of the air, the 
refrigeration is the greater. Hence the ufe of fans, ven- 
tilators, &c. which, though intended to give motion to 
warm air, afford likewife the virtue of cooling by facili- 
tating and favouring evaporation. 

Warm and dry air is belt fuited to form a refrefhing 
current, becaufc it is more calculated to diflblve and 

N 
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abforb humidity ; moift air is lefs proper, becaufe it is 
already faturated. — Hence the neceflity cf frequently 
renewing the air to preserve the coolnefs of our apart- 
ments. 

Thefe principles have a nearer relation to medicine than 
is generally fuppofed. We find that almoft all fevers end 
in perforations, which, befide the advantage of expelling 
the morbific matter, poffefs likewife that of carrying oft* 
the matter of heat, and reftoring the body to its common 
temperature. The phyiician who is defirous of mode- 
rating the excefs of heat in the body of a patient, ought 
to maintain the air in that difpofition which is moft mi- 
table to his views. 

The ufe of volatile alkali is univerfally acknowledged 
to be of advantage in burns, the tooth-ach, &c. May 
not thefe effects be attributed to the volatility of this fub- 
ftance, which quickly combining with heat, carries it 
off, and leaves an impreilion of cold ? — Ether is a love- 
reign remedy for the colic. Docs not its virtue depend 
on the fame principles? 

The heat which has entered into combination with 
bodies during their tranfition from the (olid to the liquid 
Hate, or from this laft to the aeriform (late, may be again 
exhibited by caufing thefe fubftances to return again to 
the dates of liquefaction or folidity. In a word, every 
fubflance which pailes from the liquid to the folid (late, 
furTers its latent heat to efcape, which at this inftant be- 
comes free or thermometrical heat. 

The celebrated Fahrenheit, in the year 1724, having 
left water expofed to a colder temperature than that of 
ice, the water remained fluid : but it congealed by agita- 
tion ; and the thermometer, which marked" feveral degrees 
beneath the freezing point, fuddenly rofe to that tempe- 
rature. Mr. Treiwald mentions a firhilar facl in the 
Tranfactions ; and Mr. de Rattc made the fame obferva- 
tion at Montpcllier. 

Mr. Baume has fhewn in his enquiries and experiments 
relating to feveral lingular phenomena exhibited by water 
at the inftant of its congelation, that feveral degrees of 
heat are always developed at that inftant. 
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Oafoous fubftattces are maintained in the aeriform ftatc 
merely by the heat which is combined with them ; and 
when to thefe fubftances, thus diffolved in caloric, ano- 
ther body is preferred, to which they have a very ftrong 
affinity, they abandon their heat to unite with this laft 
fubilance ; and the caloric, thus expelled or difengaged, 
appears under the form of free or thermometrical heat. 
This difengagement of heat, by the concretion or fixation 
of gafeous fubftances, was obferved by the celebrated 
Scheele, as may be feen in the valuable experiments which 
form the balis of his Treatife on Air and Fire. Since 
the time of this great man, rigorous calculations have 
been made of thequantity of latent heat exifting in each 
of thefe gafes : we are indebted to Meftrs. Black, Craw- 
ford, Wilcke, Dc la Place, Lavoifier, &c. for many ex- 
cellent researches on this jfubject. 



ARTICLE IT. 

Concerning Light. 

It appears that Light is transmitted to our eyes by a pe* 
culiar fluid which occupies the interval between us and 
vifible bodies. 

Does this fluid arrive directly from the Sun by fuccef- 
five emiflions or eradiations ? or is it a peculiar fluid dif- 
tributed through fpace, and put in action by the Sun's 
rotary motion, or by any other caufe? I fhall not enter 
into any difcuflion upon this fubject, but fhall confine my* 
ielf to point out the phenomena. 

A. The motion of light is fo rapid, that it paries 
through nearly eighty thoufand leagues in a fecond. 

B. The elafticity of the rays of light is fuch that the an- 
gle of reflection is equal to the angle of incidence. 

C. The fluid of light is ponderous : for if a ray of light 
be received through a hole in a window-fliutter, and the 
blade of a knife be prefented to it, the ray is diverted 
from a right line, and is inflected towards the body. This 
circumftancc fhews that it obeys the law of attraction, and 
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fufficicntly authorises us to clafs it among other bodie 
this nature. 

D. The great Newton fucceedt-d in decomposing the 
folar light into feven primitive rays, which preient them- 
felves in the following order: red, orange, yellow, green, 
blue, indigo, violet. Dyes preient us with only three 
colours, which are, red, blue, and yellow; the combina* 
tions and proportions of thefe three principles form all the 
fhades of colour with which the arts are enriched. Philo-. 
fophershave maintained that among the folar rays there 
are three primitive colours. — See Les Recherches de M. 
Marat. 

All natural bodies may be considered as priirro which 
decornpofe or rather divide the light. Some reflect the 
rays without producing" any change and thefe are white ; 
others abforb them ail, and caufe abfolute blacknefs : the 
greater or lefs affinity of the feveral rays with various 
bodies, and perhaps likewife the difpofition of the pores, 
is no doubt the caufe that, when a pencil fails upon a 
body, fome rays enter into combination, while others are 
reflected ; and it is this which affords the diverfity of co- 
lours, and the prodigious variety of fhades under which 
bodies appear to our eyes. 

We can no longer confine ourfelves to confider light as 
a merely physical fubftance ; the cheraift perceives its in- 
fluence in moil of his operations, and finds it ncceffary to 
attend to its action, which modifies his remits ; and its 
ciTeds are no lefs evident in the various phenomena of 
nature, than in the experiments performed in our labora- 
tories. 

We fee that vegetation cannot take place without light. 
Plants deprived of this fluid become pale ; and when in 
hot.'houfes the light comes to them from one part only* 
the vegetables incline towards the aperture, as iftofhew 
the neceflity of this beneficial fluid. 

Without the influence of light, vegetables would ex- 
hibit but one lifclefs colour ; they are deprived of their 
beautiful fhades by the interception of this luminous fluid. 
On thefe principles, celery, endive, and other plants, are 
bleached. 
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Vegetables afre not only indebted to the light for their 
colour, but likewife for their fmell, taiire, combuilibility, 
maturity, and the rciinous principle, which equally depend 
upon this fluid. Hence it is, no doubt, that aromatic 
iubftances, refins, and volatile oils, are the inheritance of 
fbuthern climates, where the light is more pure, conftant, 
and intenfe. 

We fee, likewife, that the influence of light is evident 
in other beings : for, as Mr. Dorthes has obferved, worms 
and grubs, which live in the earth or in wood, are of a 
whitifh colour. The birds and flying infects of the night, 
are likewife diftinguifhable from thofe of the day by the 
want of brilliancy of colour ; and the difference is equally 
marked between thofe of the north and of the fouth. 

A very afloniming property of light upon the vegeta- 
ble kingdom is, that when vegetables are expofed to open 
day-light, or to the funs rays, they emit vital air. We 
ihall again attend to all thefe phenomena when we come 
to treat of the analyfis of vegetables. 

The fine experiments of Scheele and Berthollet have 
fhewn that the abfence or prefence of light has an afto- 
nifhing effect upon the refult of chemical experiments. 
Light difengages vital air from feveral fluids, fuck as the 
nitric acid, the oxigenated marine acid, &c. ft reduces 
the oxides or calces of gold, iilver, &c. It changes the 
nature of oxigenated muriates, according to theobferva- 
tions of Mr. Berthollet. Light likewife determines the 
phenomena of vegetation exhibited by faline folutions, as 
I have fhewn. From all which circumftances it is evident 
that we ought to attend to the effect of this agent in almoft 
all our operations. 

" Organization, fenfation, fpontaneous motion, ami 
life, exilt only at the fur face of the earth, and in places 
expofed to light : we might affirm that the flame of Pro- 
metheus's torch was the expreflion of a philofophical 
truth which did not efcape the ancients. Without light, 
nature was lifelefs, inanimate, and dead : a benevolent 
God, by producing light, has fpread organization, fenfa- 
tion, and thought" over the furface of the earth." — Ele- 
mentary Treatife of Chemiftry by Mr. Lavoiiier. . 
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Wc ought not to cnnfoundthe folar light with the light 
of our furnaces ; the light of thefe has, as I am convinced, 
very evident effects in certain phenomena ; but thefe 
effects are flow, and fcarcely comparable with thofe of 
the folar light. 

Although heat often accompanies light, the phenomena 
we have mentioned cannot be attributed to mere heat. 
Heat may indeed modify them where it exifts, but moft 
aiiuredly it cannot produce them. 



CHAPTER II. 

Concerning Sulphur, 

W E are obliged to place Sulphur among the 
elements, though our predeceifors pretended to have 
determined its conflituent principles. This proceeding 
would appear to be retrograde, if it were not evident that 
the correction of miftakes is a real advancement in fci- 
ence. 

The ancients ufed the word Sulphur to denote every 
combufiible and inflammable fubftance. Accordingly we 
find, in all their writings, the expreflions fulphur of me- 
tals, fulphur of animals, fulphur of vegetables, &c. 

Stahl allicyneth a determinate value to the denomination 
of Sulphur ; and fince the time of this celebrated chemift 
we have confined the name to denote a body of an 
orange-yellow colour, dry, brittle, capable of burning 
with a blue flame, and exhaling a penetrating odour 
during combuftion : when rubbed, it becomes electric; 
and by a light preflure in the hand it cracks, and be- 
comes reduced to powder. 

It appears that fulphur is formed by the decompofition 
of vegetables and animab. It has been found on the 
walls of neceffarv-houfes ; and when the ditch of the 
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Porte St. Antoine, at Paris, was cleared, a conlidera- 
ble quantity was mixed with the decayed remains of ve- 
getable and animal fubftances, that had filled the ancient 
ditches, and there putrefied. 

Mr. Deyeux has likewife proved, that fulphur exifts 
naturally in certain plants, fuch as patientia, cochlearia, 
&CJ His procefles for extracting it confift in — 1. The 
warned root mull be reduced by rafping into a fine 
pulp ; this muft be wafhed in cold water, and palled 
through a fieve or cloth of an open texture : the fluid 
pafTes in a turbid itate, and depofits a precipitate, which 
when dried proves the exiitence of fulphur. 2. The 
pulp may be boiled, and the fcum afforded by the 
ebullition afterwards dried : the fcum contains ful- 
phur. Several fpecies of rumex, confounded under the 
name of Patience, do not contain fulphur. I have ob- 
tained it from the rumex patientia L, which grows on 
the mountains Cevennes, and is the fame which is ufed 
at Paris. M. Le Veillard obtained fulphur by fuffering 
vegetable fubftances to putrefy in well-water. Sulphur 
is abundantly contained in coal mines ; it is found in 
combination with certain metals ; it appears almoit 
always where vegetable decompofition takes place ; it 
forms the greater part of thofe pyritous and bituminous 
fchifti which occupy the focus of volcanos ; it is fublimed 
in thofe places where the pyrites are decompofed ; it is 
thrown out by fubterraneous fires ; and is found in 
greater or lefs quantities in volcanic diftricts. Much has 
been faid concerning fhowers of fulphur ; but it is at 
prcfent well known that this error has chiefly arifen from 
the powder of the ftamina of the pine, which is carried 
to great diftances. Henckel faw the furface of a marfh 
entirely covered with this powder. 

The known procefles for extracting fulphur in the large 
way, and applying it to the purpofes of commerce, con- 
iift in difengaging it from the pyrites or fulphures of 
copper, or of iron, by methods poffelfing various degrees 
of iimplicity and economy. On this fubject, the Pyrito- 
Iogy of Ilenckel, Macquer's Chemical Dictionary, and 
the Metallurgical Tracts of Mr. Jars, may be confulted. 
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In Saxony and Bohemia the ores of fulphur arc diiiiiled 
in earthen tubes difpofed in a gallery. The fulphur 
which is difengaged by the heat panes into receivers 
placed without, and in which care is taken to keep a 
Sufficient quantity of water. 

At Rammeliburg, at St. Bel, &c. large heaps of pyrites 
are made, which are decompofed by a gentle heat, at firlt 
applied to the mafs from a llratum of combuftible matter 
upon which it is placed. The heat is afterwards kept up 
by the action of the pyrites amongft each other. The 
fulphur which exhales cannot efcape laterally, becaufe 
care is taken to cover the fides with earth. It there- 
fore riles to the fummit of the truncated pyramid, where it 
is collected in final! cavities made for that purpofe. The 
heat of this part is fufficient to keep the fulphur in a fluid 
itate ; and it is taken out from time to time with ladles. 

Almoft all the fulphur ufed in France comes from the 
Solfatara. This volcanic country every where exhibits 
marks of the agency of fubterraneous fire. The enor- 
mous maffes of pyrites which are decompofed in the 
bowels of the earth produce heat, which fublimes part of 
the fulphur through apertures which the lire, and the 
effort of the vapours, have opened in all parts. The 
earths and ftones which contain fulphur are diililled ; and 
it is the refult of this diftillalion which is called Crude 
Sulphur. 

The crude fulphur is tranfported into France by the 
way of Marfeilles, where it receives the neceffary prepa- 
rations to render itfuitable to various purpofes. I. It is 
reduced into flicks or rolls, by fufing it, and pouring it 
into moulds : or, 2. It is formed into flowers of brimftone 
by fubliming it with a gentle heat, and collecting this fuU 
phureous vapour in a very clofe chamber of considerable 
extent. This very pure and finely divided fulphur is 
dillinguifhed by the name of Flowers of Brimftone, or 
Sublimed Sulphur. 

Sulphur enters into fufion by a moderate heat. : and if the 
moment be feized in which the furface congeals, and the 
liquid fulphur contained beneath that furface be then pour- 
ed out, the internal cavity will exhibit long needleTbrmed 
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cryftals of an octahedral figure. This procefs, contrived 
by the famous Rouelle, has been applied to the cryftalliza- 
tion of almoft all the metals. Sulphur is found naturally 
cryftallized in Italy, at Conilla near Cadiz, &c. Its ufual 
form is octahedral ; but 1 have, neverthelefs, feen cryftals 
of fulphur in perfect rhomboids. 

Stahl thought that he had proved, by analyfis and 
fynthefis, that iuiphur is formed by the combination of his 
phlogifton with the fulphuric acid. The happy feries of 
proofs which he has left behind him for the eftablifhment 
of his opinion, has appeared fo complete, that, fince the 
time of this great man, his doctrine has conftantly been 
admitted as founded on abfolute proof. This example 
was even urged as an inftance to fliew how high a degree 
of evidence the chemical analyfis was capable of affording. 
But our difcoveries refpecting gafeous fubftances have 
fhewn us, that the ancients were neceffarily led into error 
for want of that knowledge. The immenie refearches of 
the moderns into the composition of acids, have fhewn 
that thefe fubftances are decompofed in a variety of opera- 
tions ; and this revolution in the ftate of our knowledge 
muft have produced a fimilar change in our methods of 
explaining the phenomena. An examination of the prin- 
cipal experiments of Stahl, upon which his doctrine ef- 
fentially depends, will fufliciently (hew the truth of what 
we have aflerted. 

If one third part of charcoal, and two thirds of fulphate 
of pot-afti, or vitriolated tartar, be mixed and fufed in a 
crucible, the product is (liver of fulphur) fulphure of 
pot-am. If this fulphure be diiTolved in water, and the 
alkali be engaged b) adding a few drops of fulphuric acid 
a precipitate is afforded, which confifts of true fulphur: 
" whence, " fays Stahl, " the fulphur is a combination of 
phlogifton, or the inflammable principle of the charcoal 
with the fulphuric acid." The experiment was true, but 
the confequence is abfurd; becaufe it would follow that 
the fulphuric acid which was added, inuit have poifefied 
the property of displacing fulphuric acid united to the 
alkali*. 

* Without pretending, on the preient occafion, to difpute either for 
pr againii phlogifton, i (hall obfeive that tiri-s argumeut is iinong the 
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If Stahlhad more ftrictly analyfed the rcfult or product 
of this operation, he would have been convinced that it 
does not contain a particle of fulphuric acid. 

If he had been poifeiTed of the power of operating in 
clofedvefiels, and of collectingthc gafeous fubftanceswhich 
are difengaged, he would have obtained a large quantity 
of carbonic aeid, which ariles from the combination of 
the oxigene of the fulphuric acid with the charcoal. 

If he had expofed his liver of fulphur to the air in clofed 
veffels, he would have feen that the vital air is abibrbed, 
that the fulphure is decompofed, and that the fulphateof 
pot-afh, or vitriolated tartar is formed ; which proves the 
recompofition of the fulphuric acid. 

If charcoal be moiftened with fulphuric acid or oil of 
vitriol, and then expofed to diftillation, the produ&s arc 
carbonic acid or fixed air, fulphur, and much fulphureous 
or volatile vitriolic acid. 

The experiments of Stahl exhibit the moft perfect 
demonftration of the decompofition of the fulphuric acid 
into fulphur and oxigene ; and it is not neceflkry, in the 
explanation of them, either to fuppofe the exigence of an 
imaginary being, or to fuppofe that fulphur is a com- 
pounded body. 



CHAPTER III. 
Concerning Carbdne. 
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URE charcoal is called Carbonc in the new 
Nomenclature. This fubftance is placed among fimple 
bodies, becaufe no experiment has hitherto fhewn the pof- 
iibility of decompofmg it. 

many paralogifms urged en both fides in this controverfy. If there 
be any difficulty in conceiving how dephlogillicated fulphur or pure 
vitriolic acid, may difplace phlogifticated vitriolic acid, or' fulphur 
the fame will apply to the oppofne theory, which afTerts that aerated 
fulphur, or vitriolic acid, dilplaces de-aerated vitriolic acid nr ^„r« 
fulphur. T. ' ° r pure 
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Carbone exifts reidy formed in vegetables. It may be 
cleared of all the volatile and oily principles by did illa- 
tion ; and, by fubfequent warning in pure water, it may- 
be deprived of all the falts which are mixed and con- 
founded with it. 

When it is required to procure carbone in a flate of 
great purity it mull be dried by flrong ignition in a clofed 
veffel: this precaution is necefTary : for the lafl portions 
of water adhere with fuch avidity, that they are decom- 
pofed, and afford hydrogenous gas and carbonic acid. 

Carbone exiils likewife in the animal kingdom : it mav 
be extracted by a procefs fimilar to that which we have 
defcribed ; but its quantity is fmall. It appears in the 
form of a light fpungy mafs, difficultly confumed in the 
air, and mixed with a great quantity of phofphates, and 
even of foda. 

Carbone is likewife found in plumbago, of which it is 
one of the principles. 

We mall treat more fully of this fubftance in the analy- 
fis of vegetables. But thefe concife ideas are fufficient to 
enable us to proceed in our account of its combinations, 
which is indeed the only object, of the prefent fhort enu- 
meration of its properties. 



SECTION V. 



Concerning Cafes, or the Solution of certain Principles in Caloric, at the 
Temperature of the Atmofphere. 
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,ALORIC, in its combination with bodies, 
volatilizes lome of them, and reduces them to the aeri- 
form ftate. The permanence in this flate in the tempera- 
ture of the atmofphere ronftitutes the gafes ; fo that, to 
reduce a fubftance to the ftate of gas, confifbin diflblving 
it in caloric. 



5^ Converfion of Bodies 

Caloric combines with various bodies, with greater or 
lefs facility ; and we are acquainted with feveral that, at 
the temperature of the atmofphere, are conftantly in the 
ftate of gas : there are others which pais to this ftate at 
fome degrees higher, and thefe are called Volatile or E- 
vaporable fubftances. They differ from fixed fubftances, 
becaufe thefe lift are not volatilized but by the applica- 
tion and combination of a ftrong dole of caloric. 

It appears that all bodies do not indifcriminately require 
the fame quantity of caloric to ami me the gafeous ftate; 
and we fhall fee that this proportion may be deduced from 
the fixation and concretion of thefe gaieous fubftances. 

To reduce any fubftance to the ftate of gas, the appli- 
cation of caloric may be made in various manners. 

The more fimple method coniifts in placing the body 
in contact with another body which is heated. In this 
fituation, the heat on one hand diminifhes the affinity of 
aggregation or compofition, by feparating the conftituent 
principles to a greater diftance from each other ; on the 
other hand, the heat unites to the principles with which 
it has the ftrongeft affinity, and volatilizes them. This 
procefs is according to the method of fimple affinities ; for 
it in fact confifts of the exhibition of a third body, which, 
prefented to a compound of feveral principles, combine* 
with one of them, and carries it off. 

The method of double affinity may likewife be ufed to 
convert any fubftance into the gaieous form ; and this is 
what happens when we caufe one body to act upon another 
to produce a combination, in which a difengagement of 




oxigene, and riles with it. This principle takes place not 
only in this inftance, but on all other occafions wherein, 
an operation being performed without the application of 
heat, there is a production of vapour or g-as. 

.The various ftates under which bodies prefent them- 
felves to our eyes, depend almoft entirely upon the dif- 
ferent degrees of combination of caloric with thofe fame 
bodies. Fluids do not differ from folids, but becaufe 
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they conftantly poflefs, at the temperature of the atmo- 
fphere, the dofe of caloric which is requifite to maintain 
them in that ftate ; they conceal and pafs to the concrete 
ftate with greater or lefs facility, accordingly as the re- 
quifite quantity of caloric is more or lefs conliderable. 

All folid bodies are capable of palling to the gafeous 
ftate ; and the only difference which exitls between them 
in this refpecl is, that a dofe of caloric is required for 
this purpofe, which is governed — 1. By the affinity of 
aggregation, which connects their principles, retains them, 
and oppofes itfelf to a new combination. 2. By the weight 
of the conitituent parts, which renders their volatiliza- 
tion more or lefs difficult. 3. By the agreement and at- 
traction between the caloric and the folid body, which is 
more or lefs ftronsr. 

All bodies, whether folid or liquid, when they come 
to be volatilized by heat, appear in two Hates — that of 
vapour, or that of gas. 

In the firft cafe, thefe fubftances lofe, in a fhort time, 
the caloric which railed them, and again appear in their 
original form the moment the caloric finds colder bodies 
to combine with ; but it is rare that bodies thus divided 
refume their original confiftence. This firft ftate is that 
of vapour. 

In the fecond cafe, the combination of caloric with 
the volatilized fubftance is fuch, that the ordinary tem- 
perature of the atmofphere is infufficient to overcome this 
union. This ftate conftitutes the gafes. 

When the combination of caloric with any fubftance is 
fuch that a gas is produced, thefe inviiible fubftances may 
be managed at pleafure, by the affiftance of apparatus ap- 
propriated within our time to thefe u(es. Thefe appara- 
tus are known by the name of Pneumato-chemic, Hydro- 
pneumatic apparatus, &c. 

The pneumato-chemical apparatus, in general, confifts 
of a wooden veflel, ufually of a fquare form, and lined 
with lead or tin : two or three inches beneath the upper 
edge there is formed a groove, in which a wooden plank 
ilide-s, having a hole in the middle, and a notch in one 



6o Experiments on Gafes. 

of its fides ; the hole is made in the centre of an excava- 
tion made in the fhelf, of the figure of a funnel. 

This veffel is filled with water or mercury, according 
to the nature of the p;afes operated upon. There are fome 
which eafily combine with water, and therefore require 
to be received over mercury. 

The gafes may be extracted in various manners . 

When they are difengaged by fire, a recurved tube is 
adapted to the neck of the retort, one extremity of which 
is plunged in the water or the mercury of the pneumato- 
chemical veffel, and opens beneath the aperture in the 
{helf, which is in the form of a funnel. The junction 
of the tube with the neck of the retort is fecured with 
the ufual lute ; a vellel filled with the liquid of the ciflern 
is inverted upon the fhelf over the aperture, When the 
gas is difengaged from the materials in the retort, it ap- 
pears in the form of bubbles, which rife, and gain the 
fuperior part of the inverted veffel. When all the water 
is difplaced, and the bottle is full of gas, it is withdrawn, 
by adapting a glafs plate to its orifice to prevent its difli- 
pation : it may then be poured from one veffel to ano- 
ther, and fubjected to a variety of experiments to afcer- 
tain its nature. 

When the gafes are difengaged by means of acids, the 
mixture which is defigned to afford them is put into a 
bottle with a recurved tube fitted to its neck ; and this 
tube is plunged in the ciftern in i'uch a manner, that the 
bubbles of gas may pafs, as in the former experiment, 
through the aperture of the funnel in the fhelf. 

The proceffes at prefent ufed to extract the gafes, and 
to analyfe them, are fimple and commodious : and thefe 
proceffes have Angularly contributed to our acquisition of 
the knowledge of thefe aeriform fubftances, whofe difco- 
very has produced a revolution in chemiftry. 
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CHAPTER. I. 



Concerning Hydrogenous Gas, or Infiammable Air. 



^NFLAMMABLE Air is one of the conftituent 
parts of water ; a circumftance which has entitled it to 
the denomination of Hydrogenous Gas. Its property of 
burning with vital air, has caufed it to be diftinguifhed 
by the name of Inflammable Air. 

Hydrogenous gas has been procured long fmce. The 
famous philofophical candle attefts the antiquity of this 
difcovery ; and the celebrated Hales obtained from moft 
vegetables an air which took fire. 

Hydrogenous gas may be extracted from all bodies in 
which it is a conftituent part ; but the pureft is that afford- 
ed by the decompofition of water, and it is this fluid which 
ufually affords it in our laboratories. For this purpofe 
the fulphuric acid is poured upon iron, or zinc; the water, 
which ferves as a vehicle for the acid, is decompofed on 
the metal, its oxigene combines with it, while the hydro- 
genous gas efcapes. This explanation, however contrary 
to the ancient notion, is not the lefs a demonftrated truth ; 
in fact, the metal exifts in the ftate of anoxide in its folu- 
tion by the fulphuric acid, as may be proved by precipita- 
ting it with pure vegetable alkali : on the other hand, the 
acid itfelf is not at all decompofed ; fo that the oxigenous 
gas cannot have been afforded to the iron but by the wa- 
ter. Water may be decompofed likewife ftill more di- 
rectly by throwing it upon iron ftrongly heated ; and hy- 
drogenous gas may be obtained by caufing water to pais 
through a tube of iron ignited to whitenefs. 

The hydrogenous gas may be extracted by the fimple 
diftillation of vegetables. Vegetable fermentation, and 
animal putrefaction, likewife produce this gafeous fub- 
ftance. 

The properties of this gas are as follow : 
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A. Hydrogenous gas has adifagreeable, funking odour, 
Mr. Kirwan has obferved, that when it is extracted over 
mercury, it has (carccly any fmell. It contains halt' it* 
weight of \v atcr, and lofes its fmell the moment it is de- 
prived of this additional lubftance. 

Kirwan has likewife obferved, that the volume of hy. 
drogenous gas is one-eighth larger when received over 
water than when received over mercury. 

Thefe obfervations appear to prove, that the offenfive 
iineil of this gas arifes only from the water it holds in 
lolution . 

B. Hydrogenous gas is not proper for refpiration. The 
abbe Fontana allures us that he could not take more than 
three infpirations of this air: the count Morrozo has pro- 
ved that animals peri fh in it in a quarter of a minute. On 
the other hand icveral northern chemifts have aftirmed, 
in confequence of experiments made on themfelves, that 
hydrogenous gas might be refpired without danger; and it 
is feme years iince the unfortunate Pilatre du Rozier fil- 
led his lungs with it at Paris, and fetit on fire during the 
expiration, which forms a very curious jet of flame. It 
was remarked to him that the abbe Fontana had objected 
againil the accuracy of the Sweedifh chemifts. This in- 
trepid philofopher anfwered the objection, by mixing one- 
ninth of atmofpherical air with very pure hydrogenous 
gas. He refpired this mixture, as ufual ; but when he 
attempted to fet it on lire, the confequence was an ex- 
plolion fb dreadful, that he imagined all his teeth were 
blown out. 

This oppofition of opinions, and contradiction of ex- 
periments, refpecting a phenomenon which feems capable 
of unanfwerable decifion by one fingle experiment, indu- 
ced me to have recourfe to trial, to fix my own ideas on 
the fubject. 

Birds, fucceflively placed in a veflel of hydrogenous 
gas, died, without producing the fmallefl 'perceptible 
change in the p-as itfelf. 

Frogs placed in forty inches of hydrogenous gas died in 
the fpace of three hours and a half: while others lived fif- 
ty-live hours in oxigenous gas and atmoipheric air : and 
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Xvhen I took them out ftill living, the air was neither 
vitiated nor diminifhed. Numerous experiments which 
I have made upon thefe animals, have led me to obferve 
that they have the faculty of flopping their refpiration, 
when placed in any noxious gas, to fuch a degree, that 
they infpire only once or twice, and afterwards fufpend 
every function on the part of the refpiratory organ. 

I have fince had occafion to obferve that thefe animals 
are not reduced into a putrid mafs by remaining in hydro- 
genous gas, as was affirmed fome time ago. The fact which 
may have impofed on chemills who related this circum- 
ftance, is, that frogs are often enveloped in a mucus or 
fanies, which appears to cover them ; but they exhibit 
the fame phenomenon in all the gafes. 

.After having tried the hydrogenous gas upon animals, 
I determined to refpire it myfelf ; and I found that the 
famevolumeof thisair might be feveral times refpired with- 
out danger. But I obferved that this gas was not changed 
by thefe operations ; whence I concluded that it is not 
refpirable : for, if it were, it would fuffer a change in the 
lungs, the object of refpiration not being confined to the 
reception and emiflion of a fluid merely ; it is a function 
much more noble, more interefling, more intimately con- 
nected with the animal ceconomy : and we ought to con- 
fider the lungs as an organ which is nourifhed by the air, 
digefts that which is prefented to it, retains the beneficial, 
and rejects the noxious part. Since, therefore, inflamma- 
ble air can be refpired feveral fucceflive times without 
danger to the individual, and without any alteration or 
change in itfelf, we may conclude indeed that inflamma- 
ble air is not apoifbn, but that it cannot be confidered as 
an air effentiaily proper to refpiration. It is with hydro- 
genous gas in the lungs, as with thofe balls of mofs and 
refin which certain animals fwallow during the rigorous 
feafon of the winter. Thefe balls are not digefted, fincc 
the animals void them at the return of fpring : but they 
delude hunger ; and the membranes of the itomach are 
exercifed upon them without danger, in the fame manner 
as the lungs exert themfelves upon the hydrogenous gas 
prefented to them. 

P 
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C. Hydrogenous gas is not combuftible alone ; it does 
not burn but by the concurrence of oxigene. If a veffel 
filled with this gas be reverfed, and alighted taper be pre- 
fented to it, the hydrogenous gas is found to burn at the 
furface of the veflel ; but the candle is extinguifhed the 
moment it is plunged lower. The moft inflammable bo- 
dies, fuch as phofphorus, do not burn in an atmofphere 
of hydrogenous gas. 

D. Hydrogenous gas is lighter than common air. One 
cubic foot of atmofpneric air weighs feven hundred and 
twenty grains ; a cubic foot of hydrogenous gas weighs 
feventy-two grains. The barometer being at 29' 9, and 
the thermometer 6o° Fahrenheit, Mr. Kirwan found the 
weight of this air to that of common air as eighty-four 
to one thoufand ; confequently it was about twelve times 
as light. 

Its fpecific gravity varies very mucb,becaufe it is diffi- 
cult to obtain it conftantly of the fame degree of purity. 
That which is extracted from- vegetables contains the 
carbonic acid and oil, which increafes its weight. 

This levity of hydrogenous gas has caufed certain philo- 
fophers to prefume that it ought to arrive at and occupy the 
fuperior part of our atmofphere ; and upon this fuppofi- 
tion the moil brilliant conjectures have been made refpeclf- 
ing the influence which a ftratum of this gas, predominat- 
ing over the reft of the atmofphere, ought to produce in 
meteorology. They were not aware that this continual 
lofs of matter is not agreeable to the wife ceconomy of 
nature. They did not obferve that this gas, during its 
afcent in the air, combines with other bodies, more cfpc- 
cially the oxigene, and that water and other products are 
the refult ; the knowledge of which rauft nccerTarily lead 
us to that of moft meteors. 

The theory of balloons, or aeroftatic machines, is 
founded on this levity of the hydrogenous ^as. 

In order that a balloon may rife in the atmofphere, it 
is fufllcient that the weight of the balloon itfeif, and the 
air it inclofes, fhould be lefs confldcrable than that of an 
equal bulk of atmofpheric air ; and it rnuft rife till its 
weight is in equilibrio with an equal volume of the fur- 
roundinGf air. 



or Inflammable Air. 65 

The theory of the Mongolfiers is very different 
from this. In this cafe a given volume of atmofpheric 
air is rarefied by heat, and kept feparated from the 
common mafs by a hollow veffel of cloth. This rarefied 
fpace may therefore be confidered for a moment as 
coniifting of a mafs of air of greater levity, which mult 
necelfarily make an effort to rife in the atmofphere, and 
carry its covering along with it. 

E. Hydrogenous gas exhibits various characters, ac- 
cording to its degree of purity, and the nature of the 
fubftances which are mixed with it. 

It feldom happens that this gas is pure. That which 
is afforded by vegetables contains oil, and the carbonic 
acid. The inflammable air of marmes is mixed with a 
greater or lefs quantity of carbonic acid ; and that which 
is afforded by the decomposition of pyrites fometimes 
holds fulphur in folution. 

The colour of hydrogene, when fet on fire, varies 
according to its mixtures. One-third of the air of the 
lungs, mixed with the inflammable air of pit-coal, 
affords a flame of a blue colour ; inflammable air, mixed 
with nitrous air, affords a green colour ; the vapour 
of either affords a white flame. The various mixtures of 
thefe gafes, and the degree of comprefiion to which they 
are fubjefted, when expreffed out of an aperture in or- 
der to burn them, have, in the hands of certain opera- 
tors, afforded very agreeable illuminations, well deferv- 
in^ the attention of learned and curious obfervers. 

F. Hydrogenous gas poffefTcs the property of diffol- 
ving fulphur. In this cafe it contracts a funking fmell, 
and forms hepatic gas. 

Mr. Gengembre put fulphur into inverted veffels fil- 
led with hydrogenous gas, and diffolved it by means of 
the burning-glafs. The hydrogenous gas, by this treat- 
ment, obtained all the charactenilic properties of hepatic 
gas. 

The formation of this gas is almoft always an effect of 
the decompofition of water. In fact, the alkaline ful- 
phures, or livers of fulphur, do not emit any difagreeabie 
fmell while they are dry; but the moment they are 
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moiftened, an abominable fmell is perceived, and ful- 
phate of pot-afh, or vitriolated tartar, begins to be 
formed. Thefe phenomena prove that the water is de- 
compofed ; that one of its principles unites to the fulphur, 
and volatilizes it ; while -the other combines with the 
alkali, and forms a more fixed product. 

Sulphurated hydrogenous gas may be obtained by 
dilTolving the fulphures or hepars by acids. Thofe acids 
in which the oxigene is moft adherent difengagc the 
greateil quantity. The muriatic acid produces twice 
as much as the fulphuric. That which is produced by 
this laft, burns with a blue flame ; but that which is 
difengaged by the muriatic acid, burns with a yellowifli 
white flame. 

Scheele has taught us the means of obtaining this gas 
in great abundance, by decompofing artificial pyrites, 
formed by three parts of iron and one of fulphur, to 
which fpirit of vitriol is added. 

The natural decompofition of pyrites in the bowels 
of the earth produces this gas ; which efcapes with 
certain waters, and communicates peculiar virtues to 
them. 

The moft general properties of thefe gafes are : 

i. They render the white metals black. 

2. They are improper for refpiration. 

3. They impart a green colour to fyrup of violets. 

4. They burn with a light blue ilame, and depofit 
fulphur by this combuftion. 

5. They mix with the oxigenous gas of the atmofpheric 
air, and form water ; at the fame time that the fulphur, 
before held in folution, falls down. Hence it happens 
that fulphur is found in the channels of hepatic waters, 
though their anal y lis does not fliew the exiftence of an 
atom of that fubftance held in folution. 

6. They impregnate water, and are fparingly foluble 
in that fluid ; but heat or agitation diflipates them arain. 

The air which burns at the furface of certain fprings, 
and forms what is known by the name of burning fprinffs, 

confifts of hydrogenousgas holding phofphorus in folution. 
It lmells like putrid fiih. The Pere Lampi has difcovered 



Vital Air. 6y 

one of thefe fprings in the ifles of St. Colombat. Dau- 
phiny exhibits another fimilar fpring at the diftance of four 
leagues from Grenoble, The ignes fatui which glide along 
burying-grounds, and which the mperftitious people iup- 
pofe to confift of the fpirits of the departed, are pheno- 
mena of this nature, which we fhaU lpeak of when we 
come to treat of phofphorus. 



CHAPTER II. 



Concerning Oxigenous Gas, or Vital Air. 

\_ HIS gafeous fubftance was difcovered by the 
celebrated Prieftley, on the firft of Augufl 1774. Since 
that memorable day, means have been devifed of obtain- 
ing it from various fubftances ; and its properties have 
fhewn that it is a production of the moll intereiting nature 
in the knowledge of chemiftry. 

No part of the atmofphere exhibits vital air in its 
greateft degree of purity. It is always combined, mixed; 
or altered by other fubftances. 

But this air, which is the moft general agent in the 
operations of nature, exifts in combination with various 
fubftances ; and it is by their decompofition that it may 
be extracted and procured. 

A metal expofed to the air becomes changed ; and thefe 
changes are produced only by the combination of the 
pure air with the metal itfelf. Simple diftillation of fome 
of thefe metals thus changed, or oxides, is fufficient to 
difengage this vital air ; and it is then obtained in a very 
pure ftate, by receiving it in the hydro-pneumatic appa- 
ratus. One ounce of red precipitate affords about a pint. 

All acids have vital air for their bafe ; there are fome 
which yield it eafily. The diftillation of nitre decompofes 
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the nitric acid ; and about twelve hundred cubic inches of 
oxigenous gas are obtained from a pound of this fait. 

The nitric acid, when diltilled from variou-: lubitances, 
is decomposed, and its constituent parts may be obtained 
feparately. 

Meflrs. Prieftly, Ingenhoufz, and Senncbier difco- 
vered nearly at the fame time that vegetables expofed to 
the light of the fun emit vital air. We mall clfewhcre 
fpeak of the circumitances of thefe phenomena ; but fhall 
at prefent confine ourfelves to the obfervation, that the 
emiflion of vital air is proportioned to the vigour of the 
plant, and the vivacity of the light ; and that the direct 
emiffion of the rays of the fun is not necefTary to produce 
this gafeous dew; it is fufficient that the plant be well 
enlightened, in order that it may tranfpire pure air : for I 
have often collected it in abundance from a kind of mofs 
which covers the bottom of a veffel filled with water, and 
fo well defended that the fun never fhone directly upon it. 

In order to procure the vital air which, is difengaged 
from plants, it is fuillcient to inclofe them beneath a glafs 
veilel filled with water, and inverted over a tub filled 
with the fame fluid. The moment the plant is acted on 
by the fun, final! bubbles of air are formed on its leaves, 
which detaching themfelves, rife to the upper part of the 
veffel, and dif place the liquid. 

This dew of vital air is a beneficial gift of nature, to 
repair incefTantly the confumption of vital air. The plant 
abibrbs atmofpherical mephitis, and emits vital air. Man, 
on the contrary, is kept alive by vital air, and emits 
much mephitis. It appears therefore that the animal and 
vegetablekingdoms labour for each other ; and that by 
this admirable reciprocity of fervice the atrnofphcre is 
continually repaired, and an equilibrium maintained be- 
twecn its conftituent principles. 

The influence of folar light is not confined to the pro- 
duction of vital air by its action upon vegetables alone; it 
has likewife the lingular property of decompofmg certain 
fubitances, and diiengaging this gas. 

A bottle of oxigenated muriatic acid,cxpofed to the fun, 
fuffers all the fuperabundant oxigene which it contained 
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to efcape, and paffcs to the ftate of ordinary muriatic 
acid. The fame acid, expofed to the fun in a bottle 
wrapped in black paper, does not fufTer any change ; and, 
when heated in a dark place, is even reducible into gfffi 
without decompoiition. The nitric acid likewife affords 
oxigenous gas, when expofed to the fun ; whereas heat 
alone volatilizes it without decompoiition. 

The muriate, or marine fait of filver, placed under 
water, and expofed to the fun, fuffers oxigenous gas to 
efcape from it. I have obferved that red precipitate like- 
wife affords oxigene in fimilar cafes, and that it becomes 
black in no very lor g fpace of time. 

We may likewife obtain oxigenous gas by difengaging 
it from its bafes by means of the fulphuric acid. The 
procefs to which I give the preference, on account of its 
iimplicity, is the following: — I take a fmall apothecary's 
phial, into which I put one or two ounces of manganefc, 
and poiir thereon a fufheient quantity of fulphuric acid to 
form a liquid parte. I afterwards fit a cork to the Opening 
of the bottle, with a hole through it, into which isinfert- 
ed a recurved tube ; one of whofe extremities enters the 
bottle, while the other is placed under the fhelf of the 
pneumato-chemical apparatus. When the apparatus is 
thus difpofed, I prefent a fmall coal to the lower part of 
the bottle, and oxigenous gas is immediately difengaged. 

The manganefe 1 ufe was difco\ r ered by me at St. jean 
de Gardonnenque. It affords its oxigene with fuch faci- 
lity, that nothing more is neceiTary for this purpofe than 
to incorporate it with the fulphuric acidi This gas is not 
perceptibly mixed with nitfigerrous gas (Or phlogifticated 
air) ; and the firft bubble is as pure as the laft. 

Oxigenous gas exhibits certain properties, according to • 
it:; degree of purity. Thefe depend in general upon the 
fubftances which afford it. That which is obtained from 
the mercurial oxides almofl always holds a fmall quantity 
of mercury in folution : I have been a witnefs to its having 
produced a fpeedy faiivation on two perfons who uied it 
for difordersof the lungs. In confequence of thefe obfer- 
vations, I filled bottles with this gas, expofed them to an 
intenfe cold, and the fides became oblcured with a flratum 
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of mercurial oxide, in a ftatc of extreme divifion. I have 
feveral times heated the bath, over which I caufed this gas 
to pafs ; and I obtained at two different times, a yellow 
precipitate in the bottle in which 1 had received the gas. 

The oxigenous gas extracted from plants is not equally 
pure with that afforded by the metallic oxides : but from 
whatever fubftances it is obtained, its general properties 
are the following. 

A. It is more ponderous than the air of the atmofphere; 
thecubic foot of atmofpherical airweighing feven hundred 
and twenty grains, while the cubic foot of pure air weighs 
feven hundred and fixty-five. According to Mr. Kir wan, 
its weight is to that of common air as eleven hundred and 
three to one thouland. One hundred and fixteen inches of 
this air weighed 39,09 grains ; one hundred and fixteen 
inches of common air weighed 35,58 grains at the tem- 
perature often degrees of Reaumur, and twent) 
inches of preffure. One hundred parts of common air 
weighed forty-fix, and one hundred parts of vital air fifty. 

B. Oxigenous gas is the only fluid proper for combuf- 
tion. This acknowledged truth caufed the celebrated 
Scheele to give it the name of Air of Fire. 

To proceed with greater order intheexamination of one 
of the mod important properties of oxigenous gas, finceit 
belongs exclufively to this fluid, we fhall lay down the 
four following principles, as inconteftable refuits of all the 
known fafts. 

The hrfl principle. — Combuflion never takes place 
without vital air. 

The fecond principle. — In every combuflion there is an 
abforption of vital air. 

The third principle. — There is an augmentation of 
weight in the product; of combuflion equal to the weight 
of the vital air abforbed. 

The fourth principle. — In all combuflion there is a 
difengagement of heat and light. 

I, The firft of thefe propofitions is a flricl truth. Hy- 
drogenous gas does not burn alone, without the affiflance 
of exigent ; and all combuflion ceaf'es the moment that 
oxigenous gas is wanting. 
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II. The fccond principle contains a truth no lefs general 
If certain bodies, Inch as phofphorus, fulphur, &c. be 
burned in very pure oxigenous gas, this is abforbed to 
the lafl particle ; and when the combuftion is effected in a 
mixture of feveral gafes, the oxigene alone is abforbed, 
and the others remain unchanged. 

In the flower combuftions, fuch as the rancidity of oils, 
and the oxidation of metals, there is equally an abforption 
of oxigene, as may be fhewn by confining thefe bodies in 
a determinate mafs of air. 

III. The third principle, though not lefs true than the 
preceding, requires more explanation ; and for this pur- 
pofe we lhall diftinguifh thofe combuftions whole reiiilt, 
refidue, and product, are fixed, from thofe which afford 
volatile and fugacious fubftances. In the lirft cafe the 
oxigenous gas quietly combines with the body ; and by 
weighing the fame body the moment the combuftion has 
completely taken place, it is eaiily afcertained whether the 
increafe in weight be proportioned to the oxigene abforbed. 
This happens in all the cafes wherein the metals are oxided, 
or oils rendered rancid ; and in the production of certain 
acids, fuch as the phofphoric, the fulphuric, &c. In the 
fecond cafe, it is more difficult to weigh all the remits of 
the combuftion, and confequently to afcertain whether 
the augmentation in weight be proportioned to the quan- 
tity of the air abforbed. Neverthelefs, if the combuftion 
be made in inverted velfels, and the whole of the produces 
be collected, it is found that their augmentation in weight 
is ftrictly equal to that of the air abforbed. 

IV. The fourth principle is that whofe applications 
are the moft intereftin<x to be known. 

In moft combuftions, the oxigenous gas becomes fixed 
and concrete. It therefore abandons the caloric which 
maintained it in the aeriform ftate ; and this caloric be- 
ing fet at liberty, produces heat, and endeavours to com- 
bine itfelf with the fubftances neareft at hand. 

The difengagement of heat is therefore a conftant 
effect in all the cafes wherein vital air is fixed in bodies ; 
and it follows, from this principle — 1. That heat is moft 
eminently refident in the oxigenous gas which maintains 
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combuftion. 2. That the more nxigcne is abforbed in a 
given time, the ftronger will be the heat. 3. That 
the only method of producing a violent heat conftfts in 
burning bodies in the pureft air. 4. That fire and heat 
muft be more intenfe in proportion as the air is more 
condenfed. 5. That currents of air are neceffary to 
maintain and expedite combuftion. It is upon this prin- 
ciple that the theory of the effects of the cylinder lamps 
is founded : the current of air, which is renewed 
through the tube, fupplies frefti air every inftant ; and 
by continually applying a new quantity of oxigenous gas 
to the flame, a heat is produced fuflkient to ignite and 
deftroy the fmoke. 

It is likewife on the fame principle that we explain the 
great difference that exifts between heat produced by a 
flow combuftion, and that which is afforded by rapid 
combuftion. In the latter cafe the fame quantity of heat 
and light is produced in a fecond, which might have been 
produced in the other cafe in a much longer time. 

The phenomena of combuftion, by means of oxigenous 
gas, depend likewife upon the fame laws. Profefibr 
Lichtenberger, of Gottingen, foldered the blade of a 
knife to a watch fpring by means of oxigenous gas ; 
Meffrs. Lavoifier and. Erhmann have fubjected almoft all 
the known bodies to the a£iion of lire maintained by oxi- 
genous gas alone ; and they produced effects which the 
burning-glafs could not have operated. 

Mr. Ingenhoufz has fhewn us, that if an iron wire be 
bent into a fpiral form, and any combultible fubftance 
whatever be fixed to one of its ends, and fet on lire, the 
wire will it'feif be fufed by plunging it into oxigenous 
gfts. 

Mr. Forfter, of Gottingen, found that the light of 
glowworms, isfo beautiful and bright in oxigenous gas, 
that one fingle infect was fuflkient to afford light to read 
the Annonces Savantes of Gottingen, printed in a very 
fmall character. Nothing more is wanting therefore 
than to apply this air to combuftion with facility and 
ceconomy ; and Mr. Meufnier has fucceeded in this by 
conftructing a fimple and commodious apparatus. On 
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this fubject the treatife of Mr. Erhmann upon fufion may- 
be confulted. 

The defcription of the gazometer may likewife be feen 
in the Elementary Treatife of Chemiftry, by Mr. Lavoi- 
iier. 

We fhall diftinguifh three ftates in the very act of com- 
bullion — ignition, inflammation, and detonation. 

Ignition takes place when the combultible body is not 
in the aeriform ftate, nor fufceptible of afluming that 
itate by the fimple heat of combultion. This happens 
when well-made charcoal is burned. 

When the combuftible body is prefented to ovigenous 
gas, in the form of vapour or gas, the ref'ult is flame; 
and the flame is more confiderable, in proportion as the 
combultible body is more volatile. The flame of a can- 
dle is not kept up but by the volatilization of the wax, 
which is continually effected by the heat of the combul- 
tion. 

Detonation is afpeedy and rapid inflammation, which 
occalions a noile by the inltantaneous formation of a va- 
cuum. Moll detonations are produced by the mixture 
of hvdroo-enous and oxi°;enous sras, as I have fliewn in 
my Memoir upon Detonations, in the year 1781. It has 
been lince proved, that the product of the rapid combul- 
lion of thefe two gafes is water. Very ftrong detonations 
may be produced by burning a mixture of one part of 
oxigenous gas with two of hydrogene. The effect may 
be rendered Itill more terrible, by cauling the mixture to 
pafs through foap water, and fetting fire to the bubbles 
which are heaped on the furface of the fluid. 

Chemiftry prefents feveral cafes in which the detonation 
arifes from the fudden formation of fome s;afeous lubflan^ 
ces, fuch as that which is produced by the inflammation of 
gunpowder ; for in this cafe there is a fudden production 
of carbonic acid, of nitrogene gas, &c. The produftion 
or inltantaneous creation of any gas whatever, muft oc- 
calion a Ihock or agitation in the atmol'phere, which ne- 
ccflarily affords an explolion; the effect of thefe explofions 
increafes, and becomes ffronger, from the oppofition of 
anv obftacles againfl the efcape of the gas. 
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C. Oxigenous gas is the only gas proper for refpiration. 
It is the moft eminent property which has entitled it to the 
% of Vital Air ; and we {hall give the preference to 
thr. denomin itioB Lb the prefent article. 

[l has loi g fince been known that animals cannot live 
v, Lti)®ut the affiftaBGe, of air. But the phenomena of ref- 
piration have been very imperfectly known until lately. 

Of ail the authors who have written concerning refpira- 
:': »b, the ancients are thofc who have had the moil accu- 
ideasqfit. 7" hey admitted in the air a principle 
proper to hourifh and iupport life, which they denoted 
by the name of pabulum vlttz; and Hippocrates exprefsly 
fays, fpiritus etiam alimenium eft. This idea, which was 
connected with no hypothecs, has been fucceflively repla- 
ced by fy Items void of all foundation. Sometimes the air 
h ; been confidered as a ilimulus in the lungs, which 
kept up the circulation by its continual aciion. Vide Hal- 
ler, — Sometimes the lungs have been confidered as bel- 
lows defigned to c©pl the body, heated by a thoufand 
imaginary caufes : and when it was proved that the vo- 
lume of air w T as diminished in the lungs, it was thought 
to be an explanation of every difficulty, to fay that the 
air was deprived of its fpring. 

At this day, however, we are enabled to throw fome 
light on one of the moft important functions of the human 
body. In order to proceed with more perfpicuity, we 
fliall reduce our notions to feverai principles. 

i. No animal can live without the afliftance of air. 
This fact is univerfally admitted j but it has not been 
known until lately that the faculty which the air poffeffes 
of anfwering the purpofc of refpiration, arifes only from 
one of the principles of atmofphcric air, known by the 
name of vital air. 

2. All animals do not require the fame purity in the 
air. Birds, as well as men, and the greateft oart of qua- 
drupeds, require a very pure air; but thofe which live in 
the earth, or which hide themfelvcs in a ilatc of iiupefac- 
tion during the winter, can fubfift by means of a lefs pure 
air. * 
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3. The manner of refpiring the air is different in the 
feveral fubjects. In general, nature has given to animals 
an organ, which by its involuntary dilation and contrac- 
tion receives and expels the fluid inwhichtheanimal moves 
and exifts. This organ is more or lefs perfect, more or 
lefs concealed and defended from external injury, accord- 
ing to its importance, and influence upon the life of the 
creature, as Mr. Brouffonnet has obferved. 

Amphibious animals refpire by means of lungs : but 
they can fufpend their motion even whilft they are in 
the air ; as I have obferved with regard to frogs, which 
flop their refpiration at pleafure. 

The manner of refpiration in fifties is very different ; 
thefe animals come from time to time to inhale the air at 
the furface of the water, where they fill their veficle, and 
digeft it afterwards at their eafe. I have for a long time 
obferved the phenomena of fi flies in the act of refpiration ; 
and am well aflured that they are fenlible of the action of 
all the gafes, like other animals. Mr. De Fourcroy has 
obferved that the air contained in the veficle of the carp is 
nitrogene gas (phlogifticated air). 

Infects with tracheee exhibit organs {till more remote 
from ours in their conftrudtion. In thefe animals, refpi- 
ration is effected by the trachece diftributed along the body. 
They accompany all the veffels, and terminate by lofing 
themfelves in infenfible pores at the furface of the fkin. 

Thefe infects appear to me to exhibit feveral very evi- 
dent points of analogy with vegetables. 

1. Their refpiratory organs are formed in the fame 
manner, being difpofed through the whole body of the 
vegetable and the animal. — 2. Infects do not require a 
great degree of purity in the air; and plants are nouriflied 
with atmofpherical mephitis. — 3. Both the one and the 
other tranfpire vital air. The abbe Fontana difcovered 
feveral infects in ftagnant waters, which, when expofed to 
the fun afforded vital air : and the green matter which is 
formed in ftagnant waters, and is by Dr. Prieftley placed 
among the confervse, in conformity with the opinion of 
his friend Mr. Bewley — which Mr. Senebier has fuppofed 
to be the conferva, cefpitofa filis reclis antique divergentibus 
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Hallcriy and which has appeared to Dr. Ingenhoufz to be 
nothing elfe but a mafs of animalcula — affords a prodi- 
gious quantity of this air when expofed to the fun. — 4. 
Infects likewife afford, by chemical analyfis, principles 
fimilar to thofe of plants, fuch as refins, volatile oils, &c. 
Father Vanicre appears to have known, and very ele- 
gantly exprefled, the property of vegetables to fupport 
themfelves by means of vital air : 

.... Arbor enin (res non ignot.i)> ferarum 
Inft^r et ha!i;uum, pifcifque latentis in imo 
Gurgite, vitaies ct reddit e: accipit auras. 

Proedium R'jsticum, 1. vi. 

Animals with lungs refpire only by virtue of the vital air 
which furrounds them. Any gas deprived of this mixture 
becomes immediately improper for refpiration ; and this 
function is exercifed with fo much the greater liberty, as 
vital air exifts in a greater proportion in the air refpired. 

Count Morozzo placed fucceffively feveral full-grown 
fparrows under a glafs bell, inverted over water. It was 
at firft filled with atmofpherical air, and afterwards with 
vital air. He obferved — 

1. In atmofpherical air, Hours. Min. 

The firft fparrow lived 3 o 

The fecond --03 

The third - - 01 

The water rofe in the veffel eight lines during the life 
of the firft ; four during the life of the fecond j and the 
third produced no abforption. 

2. In vital air, 

The firft fparrow lived 
The fecond 
The third 
The fourth 

(The fifth 
The fixth 
The feventh 
The eighth 
The ninth 
The tenth 



Hours. 


Min. 
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2 3 
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10 
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10 
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From thete experiments it may be concluded, 1 . r I hat 
an animal lives longer in vital air than in atmofpherical 
air. 1. That an animal can live in air in which another 
has died. 3. That, independent of the nature of the air, 
refpecl muft be had to the conftitution of the animals, as the 
lixth lived forty-fevcn minutes, and the fifth only thirty. 
4. That there is cither an abibrption of air, or the pro- 
duction of a new kind of air, which is abforbcd by the 
water as it rifes. 

It remains, at prefent, to examine what are the changes 
produced by refpiration. 1. Tn the air. 2. In the blood. 

The gas emitted by expiration is a mixture of nitrogene 
gas, carbonic acid, and vital air. If the air which iilues 
from the lungs be made to pafs through lime-water, it ren- 
ders it turbid ; if it be received through tincture of turn- 
fole, it reddens it ; and if a pure alkali be fubllituted 
inftead of the tincture of turnfole, it becomes eflervefcent. 

When the carbonic acid has been abforbed by the fore- 
going procefs, the remainder of this air confills of nitro- 
gene gas and vital air. The vital air is fhewn to be prefent 
by means of nitrous air. The air in which I had caufed 
five fparrows to pertlh, afforded feventeen hundredth 
parts of vital air. After having thus deprived the expired 
air of all its vital air, and all its carbonic acid, the remain- 
der is nitrogene gas. 

It has been obierved that frugivorous animals vitiate 
the air lefs than carnivorous animals. 

A portion of the air is abforbed in refpiration . Borelli. 
formerly took notice of this ; and Dr. jurin had calcu- 
lated that a man infpired forty cubic inches of air in his 
ufual inhalations, and that in the greateft he could receive 
two hundred and twenty inches ; but that a portion was 
always abforbed. The celebrated Dr. Hales endeavoured 
to determine thisabforption moreilriclly,and he eltimated 
it at a fixty-eighth or the total of the refpired air ; but he 
did not confider itas more than a hundred and thirty-iixth, 
on account of errors which he fuppofed to have takafi 
place. Now a man refpires twenty times in a minute, and 
inhales forty cubic inches of air at each infpiration : this 
makes forty-eight thoufand per hour ;, which, divided by 
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one hundred and thirty-fix. givesabout three hundred and 
fifty-three inches or' air abforbed and deftroyed in the hour. 
The procefs of Hales is not exact ; becaufe he palfcd the 
air expired through water, which mult have retained a 
fenfible proportion. 

From more accurate experiments, Mr. De la Metherie 
has proved, that three hundred and fixty cubic inches of 
vital air are abforbed in an hour. 

My experiments have not fhewn nearfo great a Iofs. 

This fact affords a proof of the facility with which air 
is vitiated byrefpiration when it is not renewed, and fhews 
why the air of theatres is in general fo unwholefome. 

II. The iirit effect which the air appears to produce 
upon the blood is, that of giving it a vermillion-colour. 
If the blackifh venous biood be expofed in a pure atmof- 
phcre, it becomes of a vermillion-colour at its furface: this 
fact is daily obferved when blood is fuffered to remain 
expofed in a porringer to the air. Air which has remained 
in contact with blood extinguiih.es candles, and precipitates 
lime-water. Air injected into a determinate portion of a 
vein between two ligatures, renders the blood of a higher 
colour, according to the fine experiments of Dr. Hewfon. 

The blood which returns from the lungs is of a higher 
colour, according, to the obfervations of MefTvs. Cigna, 
Hewfon, &c. Hence arifes the great intenfity of the 
colour of arterial blood, compared with venous blood. 

Mr. Thouvcnelhas proved, thai: by withdrawing the air 
which is in contact with the blood, it may be again made 
to lofe its colour. 

Mr. Beccaria expofed blood in a vacuum, where it re- 
mained black, but aflumed the moft beautiful vermillion- 
colour as foon as it was again expofed to the air. Mr. 
Cigna covered blood with oil, and it preferred its black 
colour. 

Dr. Prieftley caufed the blood of a fheep to pais fuccef- 
fively into vital air, common air, mephitic air, &c. and 
he found that the blacken: parts aiTumed a red colour in 
refpirable air, and that the intenfity of this colour was in 
proportion to the quantity of vital air prefent. The fame 
philofophcr filled a bladder with blood, and exrofed it to 
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pare air. That portion of blood which touched the fur- 
face of the bladder, became red, while the internal part 
remained black ; an abforption of air therefore took place 
through the bladder, in the fame manner as when the 
contact is immediate. 

All thefe facts inconteltably prove, that the Vermillion- 
colour affumed by the blood in the lungs, is owing to the 
pure air which combines with it. 

Thevermillion-colour of blood is therefore the firft effect 
of the contact, abforption, and combination of pure air 
with the blood. 

The fecond effect of refpiration is to eftabliih a real 
focus of heat in the lungs - y which is a circumftance very 
oppolite to the precarious and ridiculous notion of thofe 
who have coniidered the lungs as a kind of bellows defign- 
ed to cool the human body. 

Two celebrated phyficians, Hales and Boerhaave, have 
obferved that the blood acquired heat in palling through 
the lungs ; and modern phyfioligifts have eftimated this 
augmentation of heat at eleven hundredths. 

The heat in each clafs of individual animals is propor- 
tioned to the magnitude of their lungs, according to 
Meffrs. De Buffon and Brouffonet. 

Animals with cold blood have only one auricle and one 
ventricle, as Ariftotle obferved. 

Perfons who have refpired vital air, agree in affirming 
that they perceived a gentle heat vivifying the lungs, and 
infenfibly extending from the breaft into all the other 
parts of the body. 

Ancient and modern facts unite therefore to prove, 
that a focus of heat really exifts in the lungs, and that it 
is maintained and kept up by the air of refpiration. We 
are able, at prefent, to explain all thefe phenomena. In 
fact there is an abforption of vital air in refpiration. Re- 
fpiration then may be coniidered as an operation by means 
of which vital air paffes continually from the gafeous to 
the concrete itate : it mult therefore at each initant aban- 
don the heat which held it in folution, and in the itate of 
gas. This heat produced at every infpiration muft be 
proportioned to the volume of the lungs, to the activity of 

II 
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this organ, to the purity of the air, the rapidity of the 
infpirations, kc. Hence it follows that, during the win- 
ter, the heat produced muft be more conliderable, becaufe 
the air is more condenfed, and exhibits more vital ait 
under the fame volume. By the fame reafon, refpiration 
ought to produce more heat in the inhabitants of 
northern climates ; and this is one of the caufes prepared 
by nature to temperate, and continually balance, the 
extreme cold of thefe climates. It follows likewife that 
the lungs of afthmatic perfons are lets capable of digefting 
the air ; and I am allurcc] that they emit the air without 
vitiating it : from which caufe their complexion is cold, 
and their lungs continually languishing ; vital air is there- 
fore wonderfully comfortable to them. It may be eafily 
conceived from thefe principles why the heat of animals is 
proportioned to the volume of their lungs ; and why thofe 
which have only one auricle, and one ventrical, have 
cold blood, &c. 

The phenomena of refpiration are therefore the fame 
as thofe of combuilion . 

Vital air, by combining with the blood, forms the car- 
bonic acid, which may be coniidered as antiputrefcent as 
long as it remains in the circulation ; and that it is after- 
wards emitted through the pores of the (kin, according to 
the experiments of the count Dc Milly, and the obferva- 
tions of Mr. Fouquet. 

Vital air has been ufed with fuccefs in certain diforders 
of the human body. The obfervations of Mr. Caillens 
are well known. He caufed perfons affected with phthi- 
iical diforders to refpire it with the greateft fuccefs. I 
have myfelf been a witnefs to the moft wonderful eifefts of 

this air in a fimilar cafe. Mr. De B- was in the laft 

ftage of a confirmed phthifis. Extreme weaknefs, profufe 
fweats, a flux of the belly, and in fhort every symptom 
announced the approach of death. One of my friends, 

Mr. De P , put him on a courfe of vital air. The 

patient refpired it with delight, and aiked for it with all 
the eagernefs of an infant at the bread:. Durino* the 
time that he refpired it he felt a comfortable heat which 
diftributed itfelf through all his limbs. His ftrenffth 
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increafed with the greateft rapidity ; and in fix weeks 
he was able to take long walks. This (late of health 
killed for fix months : but after this interval he relap- 
fed ; and being no longer able to have recourfe to the 

ufe of vital air, becaufe Mr. De P had departed 

for Paris, he died. — I am very far from being of opinion 
that the refpiration of vital air ought to be confidered as 
a fpecific, in cafes of this nature. I am even in doubt 
whether this powerful air is perfectly adapted to fuch 
circumftances ; but it infpires cheerfulnefs renders the 
patient happy, and in defperate cafes it is moft certainly 
a precious remedy, which can fpread flowers on the bor- 
ders of the tomb, and prepare us in the gentleil manner 
for the laft dreadful effort of nature. 

The abfolute neceflity of vital air in refpiration, enables 
us to lay down pofitive principles for purifying the 
corrupted air of any given place. This may be done in 
three ways. The firft confifts in correcting the vitiated 
air by means of fubftances which are capable of feizing 
the noxious principles. The fecond confiils in difplacing 
the corrupted air, and fubftituting frefh air in the room 
of it ; as is done by means of ventilators, the agitation 
of doors, &c. And the third confifts in pouring into 
the mephitifed atmofphere a new quantity of vital air. 

The procefles employed in purifying corrupted air, 
are not all certain in their effects. The fires which are 
lighted for this piirpofe have no other advantage than to 
edablifh afcending currents, and to burn unhealthy exha- 
lations ; and perfumes do nothing more than difguife the 
badimell, without changing tj^e nature of the air, as the 
experiments of Mr. A chard fhew. 
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CHAPTER III. 



Concerning Nitrogene Gas, Azote, or Atmofpherical Mephitis. 



I 



__T has been longfince afcertained, that air which 
has ferved the purpofes of com bullion and refpiratibn, is 
no longer proper for thofe ufes : the air thus corrupted 
has been diftinguifhed by the names of Phlogifticated Air, 
Mephitifed Air, Atmofpherical Mephitis, &c. I call it 
Nitrogene Gas, for the reafons explained in the prelimi- 
nary difcourfe. 

But this refidue of combuftion or refpiration is always 
mixed with a fmall quantity of vital air and carbonic acid, 
which muft be removed in order to have the nitrogene 
gas in a Irate of purity. There are feveral methods 
which may be ufed to obtain nitrogene gas, in a very 
pure ftate. 

1. Scheele has taught us, that by expofing fulphure of 
alkali, or liver of fulphur, in a veffel filled with atmofphe- 
rical air, the vital air is abforbed ; and, when the abforp- 
tion is complete, the nitrogene gas remains pure. 

By expofing, in atmofpheric air over mercury, a mix- 
ture of iron and fulphur, kneaded together with water, 
Mr.Kirwan obtained nitrogene gas fo pure, that it fufFered 
no diminution by nitrous gas. lie deprived it of all humi- 
dity, by fucceflively introducing dried blotting-paper into 
the veffel which contained it. Care muft be taken to with- 
draw this air in time from the pafte which affords it ; 
otherwife it will be mixed with hydrogene or inflammable 
gas, which is afterwards difengaged. 1. When by any 
means, fuch as the oxidation of metals, the rancidity of 
oils, the combuftion of phofphorus, &c. the vital air of 
the atmofphere is abfoibed, the refidue is nitrogene pas. 
All thefe proceffes afford methods of greater or lefs accu- 
racy to determine the proportions of vital air and nitro- 
gene gas in the compofition of the atmofphere. 
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3. This mephitis may likewife be procured by treating 
mufcular flefh, or the well- warned fibrous part of blood, 
with nitric acid in the hydro.pneumatic apparatus. But 
it muft be carefully obferved that thefe animal matters 
ought to be frefh ; for, if they have begun to be changed 
by the putrid fermentation, they aftord carbonic acid 
mixed with hydrogene gas. 

A. This gas is improper for refpiration and combuftion. 

B. Plants live in this air, and freely vegetate in it- 

C This gas mixes with the ether airs, without combi- 
ning with them. 

D. It is lighter than the atmofpheric air, the barometer 
{landing at 30. 46, and Fahrenheit's thermometer at 60: 
the weight of nitrogene gas is to that of common air as 
nine hundred and eighty-five to one thoufand. 

E. Mixed with vital air, in the proportion of 72 to 28, 
it conftitutes our atmofphere. The other principles which 
analyfis exhibits in the atmofphere, are only accidental, 
and by no means necefTary. 



SECTION VI. 



Concerning the Mixture of Nitrogene and Oxigene Gas; or of Atmo- 
fpheric Air. 

X HE gafeous fubftances we have treated of fel- 
dom exifts alone and infulated ; nature prefents them every 
where to our obfervation in a ftate of mixture or of com- 
bination. In the firft cafe thefe gafes preferve the aeriform 
ftate ; in the fecond they for the moil part form fixed and 
folid bodies. Nature, in its feverai decompofitions, redu- 
ces almoll all the principles of bodies into gas. Thefe new 
fubftances unite together, combine, and from thence refult 
compounds of considerable fimplicity in their principles, 
but which become complicated by fubfequent mixtures 
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and combinations. We may follow the operation, of 
nature, flep by ftep, without departing from the plan we 
have adopted. 

The mixture of about feventy-two parts of nitrogene 
gas, and twenty-eight of oxigene, form this fluid mafs in 
which we live. Thefe two principles arefo well mixed, 
and each of them is fo neceffary to the fupport of the vari- 
ous functions of individuals which live or vegetate upon 
the globe, that they have not yet been found leparateand 
alone. 

The proportion of thefe two gafes is fubjecf to varia- 
tion in the mixture which forms the atmofphere : but this 
difference depends oniy upon local caufes ; and the inoft 
ufual proportion is that which we have here mentioned. 

The characteriilic properties of vital air are modified by 
thofe of nitrogene gas, and thefe modifications even feem 
to be neceffary : for if we were to refpirc vital air in its 
itate of purity, it would quickly con fume our life ; and 
this virgin air is no more fuitable to our exigence than 
diftilled water. Nature does not appear to have defigned 
us for the ufe of thefe principles in their greateft degree 
of perfection. 

The atmofpheric air is elevated feveral leagues above 
our heads, and fills the deepeft fubterraneous cavities. It 
is invifible, infipid, inodorous, ponderous, elaftic, &c. It 
was the only gafeous fubftance known before the prefent 
epocha of chemittry ; and the infinite gradations of all 
the invifible fluids which prefented themfelves fo frequent- 
ly to the obfervation of philofophers, were always attribu- 
ted to modifications of the air. Almoft the whole of what 
has been written upon the air relates only to its phyiical 
properties. We fhall confine ourfelves to point out the 
chief of thefe. 

A. Air is a fluid of extreme rarefaction, obedient to 
the fmalleft motion : the flighteft percuflion deranges it; 
and its equilibrium, which is continually deftroyed, is 
continually endeavouring to reftore itfclf. 

Though very fluid, itpaffes with difficulty through ori- 
fices by means of which grofler liquids can eafily pene- 



Atmofpberie Air. 85 

trate. This has caufed philofophers to fuppofe that its 
parts were of a branched form*. 

B. The atmofpheric air is invifible. It refra&s the rays 
of light without reflecting them : for it is without fuffi- 
cient proofs that fome philofophers have imagined that 
large maffes of this fluid are of a blue colour. 

It appears that the air is inodorous itfelf ; though it is 
the vehicle of ordorant particles. 

It may be confidered as infipid ; and when its contact 
affects us variouily, we ought to attribute it to its phyfi- 
cal qualities. 

C. It was not until the middle of the iaft century that its 
weight was afcertained by accurate experiments. The 
impofiibility of fupporting water in a tube open at the 
bottom, to a greater height than thirty- two feet, caufed 
Torricellius to fufpect that an external caufe mpported the 
liquid at that height, and that it was not the horror of a 
vacuum which precipitated the water in the barrels of 
pumps. This celebrated philofopher filled a tub- clofed 
at one of its extremities with mercury: he reverfed this 
into a vefFel filled with the fame metal ; and obferved that 
the mercury, after feveral ofcillations, confhntly fubfided 
to the height of twenty-eight inches. He immediately 
{aw that the difference of elevation? correfponded with the 
relative weights of thefe two fluids, which are in the pro- 
portion of fourteen to one. The immortal Pafchal proved, 
lbme time afterwards, that liquids wereiupported at this 
elevation by a column of atmospherical air ; and he afcer- 
tained that their height varies according to the lenoth of 
the column which preffes upon them. 

D. The. elasticity of the air is one of the properties 
upon which hatural philofophers have made the greatefl 
number of experiments ; and it has even been applied to 
confiderable advantage in the arts. 

* This is a deception. It is true that the coheflve attraction renders 
it difficult to difpkice any den-fe fluid from a capillary tube by the intru- 
sion of air; but every experiment of the air pump, the condenfor, and 
the barometer, fticws with what facility the air paffes through the fmalleft 
orifices. T. 
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SECTION VII. 






Concerning the Combination of Oxigenous Gas and Hyurogenc, 
which forms Water. 



ATER lias been long confidered as an 
elementary principle; and when accurate experiments 
had compelled chemiits to ciafs it among compound fub- 
ftances, a refiftance and oppofition were made to it, which 
were not manifefted when the air, the earth, and the 
other matters reputed to be elementary, were fubjectedto 
fimilar revolutions. It feems to me however, that this 
analyfis is equally ftrict with that of air. Water is de- 
compofed by feveral proccfTes ; it is formed by the com- 
bination of oxigenc and hydrogene : and we find that all 
the phenomena of nature and art confpire to prove the 
fame truth. What more can be required to afford an ab- 
folute certainty refpecfing any phyfical fact ? 

Water is contained in bodies in a greater or lefs quan- 
tity, and may be confidered in two ilates : it is either in 
the ftate of fimple mixture, or in a ftate of combination. 
In the firfi cafe, it renders bodies humid, is perceptible to 
the eye, and may be difengaged with the greateft faci- 
lity. In the fecond, it exhibits no character which mews 
that it is in a ftate of mixture. It exifts in this form in 
cryftals, falts, plants, animals, &c. It is this water which 
the celebrated Bernard has called Generative Water ; and 
of which he has made a fifth element, to diftinguiih it 
from exhalative water. 

Water, exifting in a Rate of combination in bodies, 
concurs in imparting to them hardnefs and tranfparency. 
Salts, and moft ftony cryftals, lofe their tranfparency 
when they are deprived of their water of cryftallization. 

Some bodies are indebted to water for their fixity. 
The acids, for example, acquire fixity only by combining 
with water. 
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Under thele various points of view, water may be 
considered as the general cement of nature. The ftones 
and falts which are deprived of it, become pulverulent ; 
and water facilitates the coagulation, re-union, and con- 
iiitence of the particles of Hones,, lilts,' &c. as we {hall 
fee in the operations performed with platters, lutes, 
mortar, &c. 

Water, when difengaged from its combinations, and 
in a itaie of abfolute liberty, is one of the moft confider- 
able agents in the operations of this globe. It bears a 
part in the formation and decompofition of all the bodies 
of the mineral kingdom : it is neceffary to vegetation, and 
to the free exercife of moft of the functions of animal 
bodies ; and it haftens and facilitates the deftruction of 
thefe bodies, as foon as they are deprived of the principle 
of life, 

For a certain time water was thought to be a fluid 
earth. The diftillatiori, trituration, and putrefaction of 
water, which always left an earthy refidue, afforded cre- 
dit to an opinion that it was converted into earth. On 
this fubject, the works of Wallerius and Margraffmay be 
confulted : but Mr. Lavoifier has fhewn that this earth 
arifes from the wear of the veilels ; and the celebrated 
Scheele lias proved the identity of the nature of this 
earth with that of the glafs vetTels in which the operations 
were made. So that the opinions of the philofophicai 
world aie at preTerit decided in this refpech 

In order to obtain accurate ideas of a fubftance fo 
necelfary to be known, we will confider water under its 
three different ibtes of foiidity, fluidity, and gas, 

ARTICLE I, 

Concerning Water in the State of Ice. 

Ice is the natural ftate of water, whenever it is deprived 
of a portion of that caloric with which it is combined 
when it appears in the form of a liquid or gas. 

The converifioninto ice is attended with icveral pheno- 
mena which fcldom vary. 
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A. The firit of all, and at the fame time the mod 
^extraordinary, is a fenfible production of heat at the 
moment in which the water pafTes to the folid ftate. The 
experiments cf MeiTrs. Fahrenheit, Triewald, Baume, 
De Ratte, leave no doubt on this fubject ; fo that t he 
water is colder at the inftant of congelation than the ice 
itfejf, 

A flight agitation of the fluid facilitates its convcrfion 
into ice, nearly in the fame manner as the flighted motion 
yery frequently determines the crystallization of certain 
falts, 4 his arifes, perhaps, from the circumflance, that 
by this means the caloric, which is interpofed between the 
particles, and may oppofe itfelf to the production of the 
phenomena, may be exprciled or difengaged. In proof 
of this opinion, it is teen that the thermometer riles at 
the very fame inftant, according to Fahrenheit. 

B. Frozen water occupies a larger fpace than fluid 
water : we are indebted tp the Academy del Cimento 
for the proofs of this truth. In their experiments, bomb 
jheils, and the firongejf yeffels, being filled with water, 
were fwft into pieces by the congelation of this fluid. 
The trunks of trees are fplit and divided with a loud 
noile, as foon as the fap freezes ; and fo likewife Hones 
are broken in pieces the moment the water with which 
they are impregnated pafTes to the Hate of ice. 

C. Ice appears to be nothing more than a confufed 
cryftallization, Mr. I)e Mairan obferved that the needier 
formed cryftals of ice unite in an angle of either ilxty or 
one hundred and twenty degrees. 

Mr. Peiletier obferved, in a piece of fiftulous ice, cry- 
ftals in the form of flattened triangular prifms, termina- 
ted by two dihedral fummits. 

Mr. Sage obferves, that if a piece of ice, which con- 
tains water in its internal parts, be broken, the water 
runs out, and the internal cavity is found to be lined 
with beautiful tetrahedral prifms, terminated in four-fided 
prifms. Thefe prifms are often articulated and croffed. 
Vide M. Sage, Anales de Chimie, torn. i. p. yy. 

Mr. Macquart has obferved, that when it mows at 
Jyfofcow, and the atmoiphere is not too dry, the air is 
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Obferved to be loaded with beautiful cryftallizations regu- 
larly flattened, and as thin as a leaf or' paper. They con- 
iiit of an union of fibres which fhoot from the fame centre 
to form fix principal rays, and thefc rays divide them- 
ielves into fmall blades extremely brilliant : he obferved 
feveral of thefe flattened radii which were ten lines in 
diameter. 

D. When water paffes from the folid to the liquid 
Jlate, it produces cold by the abforption of a portion of 
heat, as is confirmed by the line experiments of Wilcke. 
This production of cold by the fulion of ice, is likewife 
proved by the practice of the confectioners, who fuie 
certain falts with ice, in order to produce a degree of 
cold below o. 

Ice is found in many places in great maffes, known by 
the name of Glacieres : certain mountains are conftant- 
ly covered with them, and the fouthern ocean abounds 
with them. The ice formed by fait water affords frefh 
water when melted ; and in feveral northern provinces 
water is faid to be concentrated by frottj to collect the 
fait in holes in iblution. I have iikewife obferved, that 
feveral metallic falts are precipitated by expofmg their 
folutions to a temperature fufneient to freeze them. The 
ice which was formed did not poflefs the characters of 
the fait which had been diifolved. 

Hail and fnow are nothing but modifications of ice. 
We may confider hail as produced by the fudden difen- 
gagernent of the clailic fluid, which concurs in rendering 
water liquid : it is almoft always accompanied with thun- 
der. The experiments of Mr. Quinquet have conlirmed 
this theory. — I will here relate a fae~t to which I niyfelf 
was witnefs, at Montpelier, and of which philofophers 
may advantagcouiiy avail themfelves. On the 29th of 
October, 1786, four inches of water fell at Montpelier; 
a violent exploiion of thunder, which was heard about 
four in the evening, and which appeared to be very near, 
caufed a moll dreadful mower of hail. At this infhnt a 
druggift, who was employed in his cellar in preventing 
the mifchief occafioned by the filtration of water through 
thewali, was highly aftonifhed to behold that the water 
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which came through the wall was inftantly changed into 
ice. He called in feveral neighbours to partake ot his 
furprifc. I vifitcd the place a quarter pf an hour after- 
wards and found ten pounds of ice at the foot of the wail ; 
I was well allured that it could not have patted through 
the wall, which did not exhibit any crack, but appeared 
to be in very good condition. Did the fame caufe, which 
determined the formation of hail in the atmofphere, net 
equally in this cellar ? — I relate the fact only, and forbear 
to make any conjecture upon it. 



ARTICLE II. 

Concerning Water in the Liquid State. 

The natural ftatc of water appears to be that of ice: 
but its moil lifual ftate is that of fluidity ; and under this 
form it pofitfies certain general properties which \yc 
mail proceed to defcribe. 

The experiments of the Academy del Cimento have 
caufed the philosophical word to deny the lead elafticity 
to water, becaufe it efcaped through the pores of balls 
of metal flrongly compreffed, rather than yield to pref- 
igure. But Meflrs. Zimmerman, and the abbe Mongez, 
have endeavoured to prove its elafticity from the very 
experiments upon which the contrary opinion has been 
built'**. 

The liquid ilate renders the force of aggregation in 
water lefs powerful, and it enters into combination more 
readily in this form. Water which flows on the furfaceof 
our globe is never pure. Rain-water is feldom exempt 
from fome mixture, as appears from the ' line feries of 
experiments of the celebrated MargrafT. I have afcer- 

* The experiments of Canton, to prove the comnrefiibility of water, 
are well known, and may be feen in toe Phiiofophicai Tranfa* 
ile inclofed water in fpherical glals vefiels, from which a narrow nee:; 
proceeded, like that of a thermometer : the water was found to occupy 
a larger fpace when the pre/lure of the atmofphere was removed by the 
air-pun-,!-), and a lefs fpace when a greater prefliire was added by the 
condei,ior. T. 
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tamed, at Montpelier, that the rain-water in florms is 
more impure than that of a gentle fhower — that the Water 
which fails firft is lefs pure than that which falls after 
feveral hours or feveral days rain — that the water which 
falls when the wind blows from the fea to the fouthward, 
contains fea-falt ; whereas that which is produced by a 
northerly wind, does not contain a particle. 

Hippocrates has made feveral very important obferva- 
tions reflecting the various qualities of water, relative to 
the nature of the foil, the temperature of the climate, &c. 

As it is of importance to the chemift to have very pure 
water for feveral delicate operations, it is necellary to point 
out the means which may be uied to carry any water 
whatever to this degree of purity. 

Water is purified by diftillation. This operation is 
performed in veffels called Alembics. ■ The Alembic is 
compofed of two pieces ; a boiler or cucurbit, and a cov- 
ering called the capital or head. 

The water is put into the cucurbit, from which it is 
raifed in vapours by means of fire, and thefe vapours are 
condenfcd by cooling the head with cold water. The 
condenfed vapours flow into a veflel defigned to receive 
them. This is called Diftilled Water ; and is pure, be- 
caufe it has left behind it in the cucurbit the falts and o- 
ther fixed principles which altered its purity. 

Diftillation is more fpeedy and quick, in proportion as 
the prefiure of the air is lefs upon the furface of the 
ftagnant fluid. Mr. Lavoiiier diftilled mercury /« vacuo ; 
and the abbe Rochon has made a happy application of 
thefe principles to diftillation. It is to this fame principle 
that we muic refer the observations of almoft all naturalifts 
and philofophers, who have remarked that the ebulition 
in the liquid becomes more eafy, in proportion as we 
afcend a mountain from any other elevation : and it is in 
confequence of thefe principles, that Mr. Aehard con- 
ducted an inftrument to determine the heights of raoun- 
tains, by the degrees of temperature of the ebullition of 
boiling water. 

The abbe Mongez, and Mr. Lamanow, obferved that 
ether evaporates with prodigious facility upon the peak 
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of Teneriffe ; and Mr. De Sauffure has confirmed thefe' 
experiments on the mountains of Switzerland. 

A true diftillation is carried on every where at the fur- 
face of our g]obc. The heat o f the fun raifes water in the 
form of vapours ; thefe remain a certain time in the at- 
mofphere, and afterwards fall in the form of dew, by 
iimplc refrigeration. This rife and fall of humidity, 
which fucceed each other, wain and purge the a'.moi'- 
phere of all thofe particles, which by their corruption or 
development might render it infectious; and it is perhips 
this combination of various miafmata with water which 
renders the evening dew fo unwholefome. 

It is to a fimilar natural diftillation that we ought to 
refer the alternate traniition of water from the liquid 
ilate to that of vapour, which forms clouds, and by this 
means conveys the water from the fea to the fummits of 
mountains, from which it is precipitated in torrents, to 
return again to the common receptacle. 

We find traces of the diitillation of water in the moft 
remote ages. The firlt navigators in the iflands of the 
Archipelago filled their pots with fait water, and received 
the vapour in fpunges placed over them. The procefs of 
diilillingthe water of the fea has been fucceiiively brought 
to perfection ; and Mr. Poilfonnier, has exhibited a very 
well conftrucled apparatus to procure frefh water at alt 
times in abundance. 

Pure water requires to be agitated, and combined with 
the air of the atmofphere, to render it wholefome. Hence, 
no doubt, it is, that water .immediately produced by 
melting mow, is unlit to drink. 

The characters of potable water are the following : 

i. A lively, frefh, and agreeable tafte. 

2. The property of boiling readily, and alfo that of 
boiling pcafe, and other pulfe. 

3,, The virtue of diflblving foap without curdling. 
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ARTICLE III. 

Concerning Water in the State of Gas. 

Many fubflances arc naturally in the ftate of an aeri- 
form fluid, at the degree of the temperature of our at- 
■niofpherc : luch, for example, are the carbonic acid ; 
and the oxigenous, the hydrogenous, and the nitrogenous 
scales . 

o 

Other fubftances evaporate at a degree of heat very- 
near that in which we live. Ether and alcohol are in 
this fituation. The firft of thefe liquors paries to the (late 
of gas at the temperature Gf 2,5 degrees ; the fecond, at 
that of 80 (of Reaumur). * 

Some fluids require a ftronger heat for this purpofe ; 
fuch as water, the fulphuric and nitric acids, oil, &c. 

To convert water into an aeriform fluid, MefTrs. De 
la Place and Lavoifier filled a glafs veflel with mercury, 
and reverfed it over a difli filled with the fame metal. 
Two ounces of water were transferred beneath this vef- 
fel ; and the mercury was heated to the temperature of 
between ninety-five and a hundred of Reaumur, by 
plunging it in a boiler filled with the mother water of 
nitre. The included water became rarefied, and occupied 
the whole capacity. 

Water by palling through earthen veflels ignited in 
the fire, becomes converted into gas according to Prieft- 
ley and Kirwan. The ceolipile, the fleam-engine, the 
digefter of Papin, and the procefs of the glafs-blowers, 
who blow large globes by injecting a mouthful of water 
through their iron tube, prove the converfion of water 
into o-as. 

O 

It follows from thefe principles, that the volatilization 
of water being nothing more than a direct combination 
of caloric with this liquid, the portions of water which are 
the mo ft immediately expofed to heat, muft be the firft 
volatilifed : and this is daily oblerved; for it is continuallv 
feen that ebullition begins at the part moft heated. But 
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when the heat is applied equally at all parts, the ebulli- 
tion is general. 

Several phenomena have led us to believe that water 
may be converted into air. The procefs of the glafs- 
blowers to blow large fpheres ; the hydraulic organ of 
father Kircher ; the phenomena of the aeolipile ; the ex- 
periments of Meffrs. Prieitley and Kirwan ; the manner 
of aihfting combuftion, by fprinkling a fmall quantity of 
water upon the coals — all thefe circumitances appeared 
to announce the converfion of water into air. But it was 
far from being fuppofed that moft of thefe phenomena 
were produced by the decompoiition of this fluid ; and 
the genius of Mr. Lavohier was neceflary to carry this 
point of doctrine to the degree of certainty and precifion, 
which in my opinion it now appears to poffefs. 

MeiTrs. Macquer and De la Metherie had already ob- 
fcrved, that the combuftion of inflammable air produced 
much water. Mr. Cavendifh confirmed thefe experiments 
in England, by the rapid combuftion of inflammable air 
and vital air. But Meffrs. Lavoifier, De la Place, Monge, 
and Meumier, have proved that the whole mafs of the 
water might be converted into hydrogene and oxigene; 
and that the combuftion of thefe two gafes produced a 
volume of water proportioned to the weight of the two 
principles employed in this experiment. 

1 . If a fmall glafs vefTel be inverted over mercury, and 
a known quantity of diftilled water and filings of iron be 
put into the upper part of this veffel, inflammable air 
will be gradually difengaged, the iron will ruft, and the 
water which moiftens it will diminifh, and at length dif- 
3ppear ; the weight of the inflammable air which is pro- 
duced, and the augmentation in weight of the iron, wiil 
be equivalent to the weight of the water made ufe of. It 
appears therefore to be proved, that the water is reduced 
into two principles, the one of which is inflammable air, 
and the other is the principle which has entered into com- 
bination with the metal. Now we know that the oxida- 
tion or calcination of metals is owing to vital air ; and 
confequently the two fubftances produced, namely the 
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vital air and inflammable air, arife from the decompofition 
of water. 

2. When water is converted into the ftate of vapour, 
in its paffage through an ignited iron tube, the iron be- 
comes oxided, and hydrogene is obtained in the ftate of 
gas. The augmentation of weight in the metal, and the 
weight of the hydrogene obtained form precifely a fum 
equal to that of the water employed. 

The experiment made at Paris, in the prefence of a 
numerous commiflion of the Academy, appears to me to 
leave no further doubt concerning the decompoiition of 
water. 

A gun-barrel was taken, into which a quantity of 
thick iron wire, flattened by hammering, was introduced. 
The iron and the gun-barrel were weighed : the gun-bar- 
rel was then covered with a lute proper to defend it from 
the contact of the air ; it was afterwards placed in a fur- 
nace, and inclined in fuch a manner as that water might 
run through it. At its moft elevated extremity was fix- 
ed a funnel deiigned to contain water, and to'let it pafs 
drop by drop by means of a cock : this funnel was doled, 
to avoid all evaporation of the water. At the other 
extremity of the gun-barrel was placed a tubulated 
receiver, intended to receive the water which mig;ht 
pafs without decompofition ; and to the tubulure 
of the receiver the pneumato-chemical apparatus was 
adapted. For greater precaution, a vacuum was made 
in the whole apparatus before the operation began. 
Laftly, as foon as the gun-barrel was red-hot, the water 
was introduced drop by drop. Much hydrogenous gas 
was obtained : and at the end of the experiment the gun- 
barrel was found to have acquired weight ; and the flat 
pieces of iron included within were converted into a ftra- 
tum of black oxide of iron, or Ethiops martial, cryftal- 
lized like the iron ore of the ifland of Elba. It was alcer- 
tained that the iron was in the fame Hate as that which is 
burned in oxigenous gas ; and the increafcd weight of the 
iron, added to that of the hydrogene, was accurately 
equal to that of the water employed. 

T 
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The hydrogenous gas obtained was burned with a 
quantity of vital air equal to that which had been retained 
by the iron, and the fix ounces of water were recompofed. 

3. Meffrs. Lavoifier and De la Place, by burning in 
a proper apparatus a mixture of fourteen parts of hydro- 
genous gas, and eighty-fix of oxigene, obtained a propor- 
tionate quantity of water. Mr. Monge obtained the fame 
rcfult at Meziere?, at the fame time. 

The moft conclufive and the moil authentic experiment 
which was made upon the compofition or fynthefis of 
water, is that which was begun on the 23d of May, and 
ended on the 7th of June, 1788, at the Royal College, 
by Mr. Lefevre de Gineau. 

The volume of oxigenous gas confumed, when reduced 
to the preffure of twenty-eight inches of mercury, at the 
temperature of ten degrees of the thermometer of Reau- 
mur, was 35085 (French) cubic inches, and its weight 
250 gros 10,5 grains. 

The volume of hydrogenous gas was 74967,4 cubic 
inches, and the weight 66 gros 4,3 grains. 

The nitrogenous gas and the carbonic acid which were 
mixed with thefe gafes, and which had been extracted 
out of the receiver at nine feveral times, weighed S9»?-3 
grains. 

The oxigenous gas contained-^ of its weight of carbo- 
nic acid ; fo that the weight of thefe gafes burned was 280 
gros 63,8 grains which makes 2 pounds 3 ounces o gros 
63,8 grains. 

The veiTels were opened in the prefencc of the gentle- 
men of the Academy of Sciences, and feveral other 
learned men, and were found to contain 2 pound 3 
ounces o gros 33 grains of water : this weight anfwers to 
that of the gafes made ufe of, wanting 31 grains; this 
deficiency may ariie from the caloric which held the gafes 
in folution being diffipatcd when they became fixed, 
which muft nec'effarily have occafioncd a lois. 

The water was fubacid to the tafte, and afforded 27-i- 
grains of nitric acid, which acid is produced by the com- 
bination of the nitrogene and oxigene gafes. 
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From the experiment of the decomposition of water, 
100 parts of this fluid contained 

Oxigene 84,2636 == 84A 

Hydrogenc 15,7364 == ij£ 
According to the experiment of its compofition, 100 parts 
of water contained 

Oxigene 84,8 = 844 

Hydrogene 15,2 = 154 
Independent of thefe experiments of analyfis and fyn- 
thefis, the phenomena exhibited by water, in its feveral 
Hates, confirm our ideas with regard to the conftituent 

1 rr • 

parts which we acknowledge it to pofiefs. The oxidation 
of metals in the interior parts of the earth, at a diftance 
from the atmofphericai air, the efflorefcence of pyrites, 
and the formation of ochres, are phenomena which can- 
not be explained without the affiftance of this theory. 

Water being compofed of two known principles, mull 
act like ail other compound bodies which we know ; that 
is, according to the affinities of its conftituent parts. It 
muit therefore in fome inftances yield its hydrogene, and 
m others its oxigene. 

If it be placed in contaft with bodies which have the 
ftrongeft affinity with oxigene, fuch as the metals, oils, 
charcoal, &c. the oxigenous principle will unite with 
thefe fubftances ; and the hydrogene, being fet at liberty, 
will be diffipated. This happens when hydrogene gas is 
difengaged, by caufing the acids to act upon certain 
metals ; or when red-hot iron is plunged in water, as 
MefTrs. HafTenfratz;, Stoulfz, and D : Iiellancourt have 
obferved. 

In vegetables, on the contrary, it feems that the 
hydrogene is the principle which fixes itfelf ; while the 
oxigene is eafily difengaged , and makes its efcape. 
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SECTION VIII. 



Concerning the Combinations of Nitrogene Gas. i. With Hydrogfrc 

Gas. 2. With the Earthy principles forming the Alkalis. 

XT appears to be proved, that the combina- 
tion of nitrogene gas with hydrogcne forms one of the 
fubflances comprifed in the clafs of alkalis. It is very 
probable that the others are compofed of this fame gas 
and an earthy bads. It is from thefe confiderations that 
we have thought proper to place thofe fubllances here : 
and we have adopted that decifion with fo much the more 
foundation, becaufe the knowledge of alkalis is indifpen- 
fably neceflary to enable us to proceed with order in a 
courfe of chemiftiy ; and becaufe thefe re-agents aremoft 
frequently employed, and their combinations andufespre- 
fent thcmielves at every flep in the phenomena of nature 
and art. 

It is an cftablifhed convention to call every fubftance 
an Alkali, which is characterifed by the following pro- 
perties : 

A. An acrid, burning, urinous tafte. 

B. The property of converting fyrup of violets green ; 
but not the tincture of turnfole, as certain authors an- 
nounce. 

C. The virtue of forming glafs, when fufed with 
quartzofe fubflances. 

D. The faculty of rendering oils mifcible with water ; 
of efTervefcing with certain acids ; and of forming neutral 
iaits with all of them. 

I muft obferve that none of thefe characters is rigorous 
and exclufive ; and that confequently no one of them is 
iufficient to afford a certainty of the exigence of an alkali: 
but the re-union of feveral form, by their concurrence, 
a mats of proofs or indications, which lead us to iuilicient 
evidence. 
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The alkalis are divided into fixed alkalis? an( J volatile 
alkalis. This diftinction is eftablifhed upon the fhaell of 
thefe fubftances : the former are not volatilized, even in 
the focus of the burning mirror, and emit no characteriftic 
fmell ; whereas the latter are eafily reduced into vapour, 
and emit a very penetrating odour. 
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Concerning Fixed Alkalis. 
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O more than two kinds of fixed alkalis have 
hitherto been difcovered : the one which is railed Vege- 
table Alkali, or Pot-Afh ; the other Mineral Alkali, or 
Soda. 

ARTICLE I. 

Concerning the Vegetable Alkali, or Pot-Afh. 

This alkali may be extracted from various fubftances ; 
and it is more or lefs pure, accordingly as it is afforded by 
one fubftance or another. Several varieties are made in 
commerce, to which different names have been affixed, 
and which are indifpenfably neceffary to be known. The 
chemift may indeed confound all thefe distinctions, in his 
writings, under one fingle denomination : but the distinc- 
tions eftablifhed by the artifts are founded upon a feries 
of experiments which have proved that the virtues of thefe 
feveral alkalis are very different ; and this conftant variety 
in their effects appears to me to juftify the various deno- 
minations afligrted them. 

1 . The alkali extracted from the lixivium of wood- 
afhes, is known by the name of Satin. Thefalin calcined, 
and by this means difengaged from all the blackening 
principles, forms pot-afh. 
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. The afhes are more or lefs rich in alkali, according to 
the nature of the wood which affords them ; in general, 
hard woods contain the moll. The allies of beech afford 
from 1 1 to 151b. per quintal, according to the expert- 
merits which 1 have made in the large way, at St. Saveur ; 
ihofe of box afforded from 12 to 14.il). 1 he tables drawn 
up by the ieveral adminiftrators of the gunpowder and 
iaitpetre manufactories may be confulted, relpe&ing the 
quantity of alkali afforded by the combuftion of feveral 
plants : they ufed 4ccclb. of each in their various expe- 
riments. 

To extract this alkali, nothing more is neceffary than 
to walh the afhes, and to concentrate the diffolution in 
boilers of caff iron. It is on account of the alkali that 
wood-allies are employed in the lixiviums ufed by laun- 
dreffes or bleachers. The ufe of alkali, in this cafe, is to 
combine with the fat fubftances, and to render them folu- 
ble in water. 

Almoft all the pot-afh fold in commerce for the ufe of 
our glafs-houfes, our foap-makers, our bleaching-grounds, 
&c. is fabricated in the north, where the abundance of 
wood admits of its being applied to this fingle purpofe. 
We might eftablifh works of this kind to fufficient advan- 
tage in the forefts of our kingdom. But there is more 
to be done than is generally fuppofed, before the inhabi- 
tants of the mountains can be turned towards this fpecies 
of induftry. I have experienced this difficulty in the 
attempts and very confide rable facrifices which I have 
made, to fecure this refource in the neighbourhood of 
Laigoual and Lefperou. The accurate calculations which 
I have made, have ncverthelefs proved that the pot-afli 
would colt only from 15 to 17 livres the quintal, whereas 
we purchafe that from the north at 30 or 40 livres. 

2. The lees of wine is almoft totally converted into 
alkali by combuftion. This alkali is called Cc[idres Gra- 
•vefees : }t has almoft always a greenifh colour. This alkali 
is confidered as very pure. 

3. The combuftion of tartar of wine likewife affords an 
alkali of coniiderable purity. It is ufually burned wrap- 
ped up in paper, in fmall packets, which arc dipped in 
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water, and afterwards expofed upon burning coals. In 
order to purify it, the refidue of the combuftion is dif- 
iblved in water, the folution concentrated W fire, the 
foreign falts feparated in proportion as they precipftate''; 
and a very pure alkali is at laft obtained, which is known 
by the name of Salt of Tartar. 

To procure fait of tartar more fpeedily, as well as more 
economically, I burn a mixture of equal parts of nitrate 
of pot-am, or common nitre and tartar. The refidue, 
after lixiviation, affords a beautiful fait of tartar. 

Salt of tartar is the alkali moil commonly employed in 
medical ufes ; it is given in the dofe of feveral grains. 

4. If faltpetrebe fufed upon charcoal, the acid is decom- 
posed and diflipated, while the alkali remains alone and 
difengaged : this is called Extemporaneous Alkali. 

When the vegetable alkali has been brought to the 
greateft ftate of purity, it attracts the humidity of the air, 
and is refolved into a liquor. In this ftate it is known by 
the very improper name of Oil of Tartar per Deliquium. 

ARTICLE II. 

Concerning the Mineral Alkali, or Soda. 

The Mineral Alkali has been fo called, becaufe it forms 
the baft's of marine fait. 

It is obtained from marine plants by combuftion : for 
this purpoic heaps of the faline plants are formed ; and 
at the fide of thefe heaps a round cavity is dug, which is 
enlarged towards the bottom, and is three or four feet in 
depth : this is the fire-place in which the vegetables arc 
burned. The combuftion is kept up without interruption 
for fcvcral days ; and when all the plants are confirmed, 
a mafs of alkaline fait is found remaining, which is cut 
into pieces, to facilitate its carriage and fale. This is 
known by the name of Rock Soda or Sod: 1 .. 

All marine plants do not afford foda of the fame 
quality. The barilla of Spain affords the beautiful fod 1. 
of Alicant. I am aftured that we might cultivate it 
upon cur coails in the Mediterranean, with the greateft 
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fuccefs. This culture is highly intercfting to the arts 
and commerce ; and government ought to encourage this 
new fpecies of induitry. But an individual, however 
inclined or devoted to the public good, mi^ht make 
vain efforts to appropriate this commerce to our advan- 
tage, it' he were not powerfully affifted by government ; 
becaufe the Spanilh miniftry has prohibited the exporta- 
tion of the feed of barilla, under the urongeft penalties. 
In Languedoc, and in Provence, we cultivate on the 
banks of our ponds a plant known by the name of Salicor, 
which affords foda of a good quality ; but the plants 
which grow without cultivation produce an inferior fort. 
I have made an accurate analyfis of each fpecies, the 
refults of which may be feen at the article Vcrrcric of the 
Encyclopedic Mcthodique. 

The mineral alkali is cleared of all heterogeneous falts 
by diffolving it in water, and feparating the feveral falts 
in proportion as they fall down. The lali portion of the 
fluid being concentrated affords the foda, which cryftal- 
lizes in rhomboidal octahedrons. 

The mineral alkali is fometimes found in a native ftatc: 
in Egypt it is known by the name of Natron. The two 
lakes of Natron defcribed by Sicard and Mr. Volney, arc 
fituated in the defert of Chaiat, or St. Macaire, to the 
weft of Delta. Their bed is a natural cavity of three or 
four leagues in length, and a quarter of a league in 
breadth ; the bottom is folid and ftony. It is dry 
during nine months in the year ; but in winter a water 
of a violet-red colour oozes out of the earth, which fills 
the lake to five or iix feet in depth : the return of the 
heat of fummer evaporates this, and leaves a bed of fait 
behind it of two feet in thicknefs, which is dug out with 
bars of iron. The quantity obtained annually amounts 
to 36,000 quintals. 

Mr. Prouft found natron upon the fchifti which form 
the foundation of the town of Angers ; the fame chemitt 
likewife found it upon a ftone from the fakpetre of 
Paris. 

The mineral alkali differs from the vegetable, becaufe 
— 1. It is lefs cauftic. 2. It is fo far from attracting 
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humidity, that it ciHorefces in the air. 3. It cryilallizes 
in rhomboidil octahedrons. 4. It forms different pro- 
ducts with the fame bafcs. 5. It is more proper for vi- 
trification. 

Do the alkalis exift ready formed in vegetables, or are 
they the product of the feveral operations made ufe of in 
extracting them ? — This queftion has divided the opinions 
of chemitls. Du Ilamel and Groffe proved, in 1732, 
the exigence of alkali in cream of tartar, by treating it 
with the nitric, fulphuric, and other acids. Margraff 
his given additional proofs of this, in a Memoir which 
forms the twenty-fifth of his collection. Rouelle read a 
Memoir to the academy on the 14th of June, 1769, up- 
on the fame fubject: he even affirms that he was ac- 
quainted with this truth before the work of Margraff ap- 
peared. — See the Journal De Phyfique, vol. i. 

Rouelle, and the marquis De Bullion, proved that 
tartar exifts in muit. 

It rnuft not be concluded from the exiflence of an al- 
kali in vegetables, that this fait is there found in a difen- 
gaged itate. On the contrary, it is found combined with 
acids, oils, &c. 

'1 he.alkalis, fuch as we have defcribed them, even after 
they have been diiengaged from every mixture, by folu- 
tion, filtration, and evaporation, are not never thelefs in 
that ftate of purity and difengagement, which is neceiTary 
to be obtained in many cafes : they are nearly in the ftate 
of neutral falts, by their combination with the carbonic 
acid. When it is required to difengage this acid, the 
alkali mutt be diffolved in water, and quick lime then 
flacked in the folution. This fubftance feizes the carbo- 
nic acid of the alkali, and gives out its caloric in exchange. 
We mall fpeak of the circumftances of this operation when 
w r e fhall have occafion to treat of lime. The alkali being 
deprived of the carbonic acid, no longer effervefces with 
other acids ; it is more cauftic, and more violent in its 
action ; unites more eafily to oik ; and is then called 
Cauftic Alkali. Pure Pot-afh, or Pure Soda. 

When this alkali is evaporated, and brought into the 
dry form, it is known bv the name of Lapis Caufticus. 

U 
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The corrofive virtue of this fubftance depends principally 
upon the avidity with which it feizes humidity, and hills 
into deliquium. 

The cauftic alkali, as it is ufually prepared, always 
contains a fmall quantityof carbonic acid, filiceous earth, 
iron, lime, &c. Mr. Berthollet has propofed the follow- 
ing means of purifying it : — He concentrates the cauftic 
lixivium until it has acquired a flight degree of confid- 
ence ; at which period he mixes it with alcohol, and 
draws off a portion by diftillation. As foon as the retort 
is become cold, he finds it to contain cryftals, mixed with 
a blackilh earth, in a fmall quantity of liquor of a dark 
colour, which is feparated from the folution of alkali, in 
the alcohol, which fwims above like an oil. Thefe cry- 
itals confift of the alkali faturated with the carbonic acid, 
and are infoluble in fpirit of wine; the depofition confifts 
of filiceous earth, lime, iron, &c. 

The cauftic alkali in a ftate of great purity, diftblved 
in the alcohol, fwims above the acqueous folution which 
contains the effervefcent alkali. If the fpiritous folution 
of alkali be. concentrated on the fand-bath, tranfparent 
cryftals are formed, which confift of the pure alkali itfclf: 
thefe cryftals appear to be formed by quadrangular pyra- 
mids infertcd one in another; they are very deliquelcent, 
are foluble in water and in alcohol, and produce cold by 
their folution — See the Journal de Phyfique, 178&, 
page 401. 

The alkalis we have juft fpoken of, combine eafily with 
fuiphur. 

This combination may be effected — r. By the fufion 
of equal parts of alkali and fuiphur. 2. By digefting the 
pure and liquid alkali upon fuiphur.— In thefe cafes the 
alkali becomes of a reddifh yellow-colour. 

The folutions of fuiphur in alkali are known by the 

name of Livers of Sulphur, Sulphures of Alkali, &c. 

They emit an bffenfive fmeil, refembling that of rotten 

eggs; This is cccafioned by the efcape of the ftinking 

fepatic Gas. 

The fuiphur may be precipitated by acids; and the 
of this precipitation is what the ancient cheirtifts 
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diftinguifhed by the name of Milk of Sulphur, and Ma- 
giftery of Sulphur. 

Thefa fulphures or hepars diffolve metals. Gold itfelf 
may be fo divided by this means as to pais through filters. 
Stahl has fuppofed that Mofes made ufe of this method to 
enable the liraelites to drink the golden calf. 

Though the analyfis of the two alkalis has not been 
made with ftricmefs, feveral experiments lead us to believe 
thatnitrogene is one of their principles. Mr. Thouvenel, 
having expofed wafhed chalk to the exhalations of animal 
iubftances in putrefaction, obtained nitrate of pot-aih, or 
common nitre. I have repeated this experiment in a 
clofed chamber of fix feet fquare. Twenty-five pounds 
of chalk well wafhed in warm water, and expofed to the 
exhalation of bullock's blood in putrefaction during eleven 
months, afforded nine ounces of nitrate of lime, in a 
dried ftate ; and three ounces one gros of cryftals of ni- 
trate of pot-am, or common nitre. 

The repeated diftillation of foaps decompofes them, 
and affords ammoniac. Mow the analyfis of this laft., by 
Mr. Berthollet, proves the exigence of nitrogenous gas 
as one of its constituent parts. There is therefore room 
to apprehend that nitrogene gas is one of the principles 
of alkalis. 

The experiments of Mr. Thouvenel, as well as my 
own, lead to believe that this gas when combined with 
lime, forms pot-aih, or the vegetable alkali; while its 
union with magneiia forms foda. This laft opinion is 
fupported by the experiments — 1. Of Dehne, who ob- 
tained magneiia from foda (fee Creli's Chemical Annals, 
1 78 1, page 53). 2. Of Mr. Deyeux, who obtained fi- 
milar remits, even before Mr. Dehne. 3. Of Mr. Lorg- 
na, who obtained much magneiia by diffolving, evapo- 
rating, and calcining foda repeatedly (Journal de Phyfi- 
que, 1787). Mr. Olburgh confirmed thefc various ex- 
periments in 1785. 
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CHAPTER. II. 



Concerning Ammoniac, cr the Volatile Alkali 



_JUR rcfcarchcs have not hitherto exhibited 
more than one fpecies of volatile alkali. Its formation 
appears to be owing to putrefaction ; and though the dif- 
tillation of fome fchifti affords it, yet this circumftance 
may be attributed to their origin, which is pretty gene- 
rally ifcribed to vegetable and animal decompofition. 
We find frequently enough, in thefe fubftances, the print 
of fifties, which is in favonr of this opinion. Some plants 
like wife afford volatile alkali; for which reafon they have 
been called Animal Plants. But the volatile alkali is 
more efpecially afforded by animal fubftances : the dift.il- 
Jation of all their parts affords it in confiderable abun- 
dance. Horns are employed in preference, becaufe they 
are refolved almoft entirely into oil and volatile alkali. 
The putrefaction of all animal fubftances produces volatile 
alkali ; and in this cafe, as well as in diftillation, it is 
formed by the combination of its two conftituent parts: 
for the analyfis very often fails in exhibiting any alkali 
ready formed, in fuch parts as diftillation or putrefaction 
would abundantly afford it from. 

Almoft all the volatile alkali made ufe of in commerce 
or medicine, is afforded by the decompofition of fal 
ammoniac. It is even on account of this circumftance, 
that the chemifts who have drawn up the New Nomen- 
clature, have diftinguifhed the volatile alkali by the name 
of Ammoniac. 

To obtain ammoniac in a ftate of confiderable purity, 
equal parts, of fitted quick-lime and muriate of ammoniac, 
or common fal ammoniac in powder, are mixed. This 
mixture is then introduced into a retort, to which a 
receiver and the apparatus of Woulfe have been adapted. 
A quantity of pure water is to be put into the bo 
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correspondent to the weight of the fait employed ; and 
the junctures of the veffels are made good with the 
uiual lutes. The ammoniac is difengageel in the fbtc of 
gas, at the firft impreflion of the fire, it combines with 
the water with heat ; and when the water of the firft bot- 
tle is faturated, the gas paffes to that of the fecond, and 
Saturates it in its turn. 

Volatile alkali is known by its very ftrong but not dif- 
agreeable fmell. It is eafily reducible into the date of gas, 
and preferves this form at the temperature of the atmo- 
fphere. This gas may be obtained by decompofing the 
muriate of ammoniac by quick-lime, and receiving the 
product over mercury. 

Alkaline gas kills animals, and corrodes the fkin. The 
irritation is iiich, that T have feen pimples arife all over 
the bodies of fome birds expofed to its atmofphere. 

This gas is improper for combuftion ; but if a taper be 
gently immerfed in it, the flame is enlarged before it goes 
out, and the gas fullers a decompofition. Alkaline gas is 
lighter than atmofpheric air ; and has even been men- 
tioned, on account of its lightnefs, as a proper fubftance 
to fill balloons. The count De Mille propofed to place a 
brazier, or velTel containing fire, , under the balloon, to 
keep the gas in its greateft irate of expanfibility. 

The experiments of Dr. Prieftley, who changed alka- 
line gas into hydrogene gas by means of the electric 
fpark; thofe ot the chevalier Laudriani, who, by pafiino- 
the fame gas through ignited glafs tubes, obtained a iarpe 
quantity of hydrogenous gas— occafioned a fufpicion of 
the exiitence of hydrogene among the principles of alka- 
line gas. But the experiments of Mr. Berthollet have 
removed all doubts on this fubject ; and all obfervations 
appear to unite in authorifing us to coniider this alkali as 
a compound of the nitrogenous and hydrogenous gdes. 

1. If the oxlgenated muriatic acid be mixed with very 
pure ammoniac, an cfFervefcence takes place with a 
dilcngagement of nitrogenous gas, a production of water, 
and a converfion of the oxigenated acid into the ordinary 
muriatic acid. In this beautiful experiment, the water 
which is produced is formed by the combination of the 
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hydrogene of the alkali and the oxigene of the acid ; and 
the nitrogene gas being let at liberty, is diiiipatcd. 

2. When the nitrate of ammoniac is expofed to diftil. 
lation, nitrogene gas is obtained, and a greater quantity 
of water is found in the receiver than the fait itfelf cod. 
tained. After the operation, the ammoniac is found no 
longer to exift. The water of the receiver is {lightly 
charged with a fmali quantity of nitric acid, which had 
palled over. In this cafe, the hydrogene of the alkali, and 
the oxigene of the acid form the water in the receiver, 
while the nitrogenous gas eicapes. 

If the oxides of copper or gold be heated with ammo- 
niacal gas, the product is water and nitrogenous gas, and 
the metals are reduced. 

I have obferved that the oxides of arfenic, being 
digefted with ammoniac, are reduced, and often form 
octahedral cryftals of arfenick. In this cafe there is a dif- 
en^apement of nitrogene £as, and a formation of water. 

It very often happens when metals, fuch as copper or 
tin, are diffolved by means of the nitric acid, that an 
abforption of air takes place, in (lead of a difengagement 
of citrons gas, as might be expelled : I have £een leveral 
perfons very much embarrail'ed in fuch cafes, and I have 
often been fo myfelf. This phenomenon takes place more 
eipecially when a very concentrated acid is made ufe of, 
and the copper is in line filings : in this cafe ammoniac is 
produced. I have llievvn this fact to my auditors long be- 
fore I was acquainted with the theory of its formation, 
'ihat which led me to fufpecl its exiitence, was the blue 
colour which the folution takes in tills cafe. This am- 
moniac is produced by the combination of the hydrogene 
of the water with the nitrogene gas of the nitric acid ; 
while the oxigene of the fame acid, and that of the wa- 
ter, oxided the metal, and prepared it for folution. It 
is to a fimilar caufe that we muft refer the experiment of 
Mr. John Michael Hauffman of Colmar, who by palling 
nitrous gas through a certain quantity of precipitate of 
iron, in the mercurial apparatus, obferved that this gas 
was fpeedily abforbed, and the colour of the iron chang- 
ed ; at the fame time that vapour of ammoniac was found 
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in the teflfils; It is by 2 fimilar theory we may account 
for the formation of alkaline gas, by the mixture of he- 
patic gas and nitrous gas over mercury, as Mr. Kirwan 
obferves. 

Mr. Auftin formed ammoniac ; but he obferved that 
the combination of nitrogenous gas with the bafe of hy- 
drogerie docs not take place unlets this laft is in a ft'ate of 
great condcnfation. 

The formation of ammoniac by diftillation and putre- 
faction, appears to me likewife to indicate its confdtuent 
parts. In fact, there is in both theie operations a difen- 
cap-ement of hvdrocrene and nitrosrene eas, and their 
combination produces ammoniac. 

Mr. Berthollet has proved, by the way of decompo- 
sition, that one thoufand parts of ammoniac, by weight, 
are compofed of about eight hundred and' feven of nitro- 
rene gas, and one hundred and ninety-three of hydro- 
gene gas. — See the collection of the Royal Academy, 
1784, page 316'. 

According to Dr. Auftin, the nitrogene gas is in pro- 
portion to the hydrogene, as one hundred and twenty- 
one to thirty-two. 



SECTION IX. 

Concerning the Combination of Oxigene with certain Bafcs forming 

Acids. 

J T appears to be out of doubt, that the bodies 
which we are agreed to call Acids, are combinations of 
vital Air with a certain elementary iubftance. The ana- 
lyfis of almoft all the Acids, whole component parts are 
known, eftablifhes this truth in a pofitive manner ; and 
it is on account of this property that the denomination of 
Ovigenous Gas has been given to vital air. 
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Every fubftancc which poffefks the following proper 
ties is called an Acid : 

A. The word four, which is ulualiy employed to de- 
note the impreflion or lively and fharp fenfation produced 
on the tongue by certain bodies, may be regarded as 
fynonimous to the word acid. The only difference which 
may be eftabliihed between them is, that the one denotes 
a weak fenfation, whereas the other comprehends all the 
degrees of force from the leaft perceptible tafte to the 
greateft degree of caufticity. We fay, for example, that 
verjuice, goofeberries, or lemons, are four; but we ufe 
the word acid to exprefs the impreflion which the nitric, 
fulphuric, or muriatic acids make upon the tongue. 

The caufiicity of acids appears to arife from their Ilrong 
tendency to combination ; and it is from this property 
that the immortal Newton has defined them to be bodies 
which attract and are attracted. 

It is likewife from this property that certain chemifts 
have fuppofed acids to be pointed bodies. 

On account likewife of this decided tendency to com- 
bination which acids poffefs, it feldom happens that \vc 
find them in a difengaged {late. 

B. A fecond property of acids is that of changing cer- 
tain blue vegetable colours into red, fuch as the colour of 
turnfole, fyrup of violets, kz. Thefe two re-agents are 
commonly ufed to afcertain the prefence of acids. 

The tincture of turnfole is prepared by lightly infufing 
in water that fubftance which is known in common un- 
der the name of Turnfole or Litmus. If the water be too 
highly charged with the colouring matter, the infufion 
has a violet tinge, and muft in that cafe be diluted with 
water until it becomes blue. The tincture of turnfole, 
when expofed to the fun, becomes red, even in clofed 
veffels ; and fome time afterwards the colouring part is 
difengaged, and falls down in the form of a mucilaginous 
difcoloured fubftance. Alcohol may be ufed inftead of 
water in the preparation of this tincture. 

It is generally fuppofed that the turnfole fabricated in 
Holland is nothing more than the colouring matter ex- 
tracted from the rags or cloths of turnfole of Grand* 
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Galargues, and precipitated upon a marly earth. Thefe 
rags are prepared by impregnating them with the juice of 
nightfhade (morelle^), and expofing them to the vapour 
of urine, which developes their blue colour. The rags are 
fent into Holland, which has given rife to the opinion that 
they are ufed in the fabrication of turnfole; but fubfequent 
enquiries have taught me that thefe cloths are fent to 
the dealers in cheefe, who extract: a colour by infufion, 
andwafh their cheefes with it, to give them a red colour. 
I am convinced, by the analyfis of turnfole, that the co- 
louring matter is of the fame nature as that of archil 
(orfeille) : and that this principle is fixed on a calcareous 
earth, and a frnail quantity of pot-afh. In confequence of 
this analyfis, I have endeavoured to caufe the liken parel- 
lus of Auvergne to ferment with urine, lime, and alkali ; 
and I obtained a pafte fimilar to that of turnfole. The 
addition of alkali appears to me to be neceffiry to prevent 
the developement of the red colour, which when com- 
bined with the blue, forms the violet of the archil. 

When any concentrated acid is to be tried with fyrup 
of violets, there are two particulars to be attended to. 
i. The fyrup of violets is often green, becaufe the petal 
of the violet contains a yellow part at its bafe, which, 
when combined with the blue, forms this green colour : 
it is therefore eiTential to employ only the blue of the pe- 
tal in order to have a beautiful blue infufion. 2. Care 
mufl be taken to dilute the fyrup with a certain quantity 
of water ; becaufe otherwife concentrated acids, fuch as 
the fulphuric, would burn it, and form a coal. 

The fimple infufion of violets may be ufed inftead of 
the fyrup. 

The colouring matter of indigo is not fenfible to the 
imprefiion of acids. The fulphuric acid diffolves it, with? 
out altering the colour. 

C. A third character of acids, is that they effervefce 
with alkalis ; but this property is not general. ; . Be- 
caufe the carbonic acid, and almoft all weak acids, cannot 
be diftinguiflied by this property. 2. Becaufe the pureft 
alkalis combine with acids, without motion or efiervef- 
cencc. 
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Is there not one fingle acid in nature, of which the o. 
thers may be only modifications ? 

Paracelfus admitted an univerfal principle of acidity, 
which communicated tafte and folubility to all its com- 
pounds. 

Becher believed that this principle was compofed of 
water and verifiable earth. Stahl endeavoured to prove 
that the fulphuric acid was the univerfal acid ; and bii 
opinion was adopted by moft chemifts for a long time. 

Long after the time of Stahl, Meyer maintained that 
the acid element was contained in fire. This fyftem, 
which is founded on certain known facts, has had its fiip. 
porters. 

The chevalier Landriani imagined he had fuccc^dcd in 
reducing all the acids to the carbonic acid ; becaufe by 
treating them all with different fubftances, he obtained 
this laft as the conftant refult of his analyfis. He was led 
into an error, for want of having fufficiently attended to 
the decompofition of the acids he made ufe of, and the 
combination of their oxigene with the carbon e of the 
bodies which entered into his experiments, and produced 
the carbonic acid. 

Laftly, the ftrict anaiyfis and fynthefis of moft of the 
known acids, have proved to Mr. Lavoifier that oxigene 
is the bafe of all of them ; and that their differences and 
varieties arife only from the fubftance with which this 
common principle is combined. 

Oxigene united with metals forms oxides ; and among 
thefe laft there are fome which polTefs acid characters, anil 
are elaffed amongft acid fubftances. 

Oxigene combined with inflammable fubftances, fuch 
as fulphur, carbone, and oils, forms other acids. 

The action of acids upon bodies in general cannot be 
undci-ftood liut by founding our explanations upon the 
data which we have eftabliihed refpecting the nature of 
their conftituent parts. 

The adhefion of oxigene to the baft; is more or lefs 
ftcong in the feverai acids, and confequently their decom- 
pofition is more or lei's eafy ; as, for example, in metal- 
lic folutions, which do not take place excepting when the 
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metal is in the ftate of an oxide. The acid which will 
yield its oxigene with the greatelt facility to oxide the 
metal, will have the mod powerful action upon it. Hence 
it happens, that the nitric and the nitro- muriatic acids are 
thofe which diffolve metals the moil readily ; and hence 
likewife it happens that the muriatic acid diffolves the 
oxides more eafdy than the metals, while the nitric acid 
acts contrariwife : hence alfo it arifes that this hit acts fo 
powerfully upon oils, he. 

It is impoflible to conceive and explain the various 
phenomena prefented to us by acids in their operations, 
if we have no idea of their condiment principles. Stahl 
would not have believed in the formation of fulphur, it 
he had underitood the decompohtion of the fulplmric acid 
upon charcoal; and if we except the combinations of acids 
with alkalis, and with certain earths, thefe fubftances are 
either totally or partially decompofed in all the operations 
mads with them upon metals, vegetables, and animals, 
as we mall find by obferving the feveral phenomena ex- 
hibited in thefe cafes refpectively. 

We ihall at prefent treat only of fome of the acids, and 
fhall diredt our attention to the others in proportion as we 
mall have occafion to treat of the various fubftances which 
afford them : we lhail attend in preference to thofe which 
are the belt known, and which have the greateft influence 
in the operations of nature, as well as in thefe cf our la- 
boratories. 



CHAPTER I. 



Concernii:? ike Carbonic Acid. 



X HIS acid is almoft always obferved in the ftate 
of gas. We find that the ancients were in fome meafure 
acquainted with it. Van Ilelmont called it Gas Silveftrc, 
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the gas of muft, or of the vintage. Becher himfelf had 
a considerable accurate notion of it, as appears by the 
following paffage : Si Diftinguitur autem inter fermenta- 
" tionem apertam et claufam; in aperta potus fermentatus 
Ci fanior eft, fed fortior in claufa: caufa eft, quod evapo- 
" rantia rarefacta corpufcula, imprimis magna adhuc fil. 
" veftrium fpirituum copia, de quibus antea egimus, reti- 
" neatur, et in ipfum potum fe precipitet, unde valde 
" eum fortem reddit." 

Hoffmann attributed the virtue of moft mineral waters 
to an elaftic fpirit contained in them. 

Mr. Venel, a celebrated profelfor in the fchools at 
Montpellier, proved in 1750, that the waters of Seltzer 
owed their virtue to a fuperabundant portion of air. 

In 1755, Br. Black of Edinburgh advanced that lime- 
fume contains much air of a different nature from common 
air. He affirmed that the difengagement of this air con- 
verted it into lime, and that by the reftoration of this air 
calcareous ftone was regenerated. In the year 1746, Dr. 
M'Bride fupported this doctrine with new facts. Mr. 
Jacquin, profeffor of Vienna, renamed the fame purfuit, 
multiplied experiments on the manner of extracting this 
air. and added other proofs in confirmation that the ab- 
ience of the air rendered alkalis cauftic, and formed lime. 
Dr. Prieftley exhibited all the perfpicuity and prccifion on 
this fubject which might be expected from his abilities, 
and his fkill in making experiments of this kind. This 
fubftance was then known by the name of Fixed Air. In 
1772, Bergman proved that it is an acid, which he called 
by the name of Aerial Acid. Since the time of this cele- 
brated chemift, it has been diftinguifhed by the names of 
Mephitic acid, Cretaceous acid, &c. : and as foon as it 
was proved to confift of a combination of oxigene and 
carbone, or pure charcoal, the name of carbonic acid was 
appropriated to it. 

The carbonic acid is found in three different ftatcs. 
I. In that of gas. 2. Inaftate of mixture. 3. In a (late 
of combination. 

It is found in the ftate of gas at the Grotto del Cano, 
near Naples j at the well of Perols, near Montpellier ; 



Habitudes of Carbonic Acid. 1 1 5 

in that of Negrae in Vivarais upon the furface of the 
Lake Averno in Italy, and on thofe of feveral fprings ; in 
various fubterraneous places, fuch as tombs, cellars, necef- 
faries &c. It is difengaged in this form by the decom- 
pofition of vegetables heaped together, by the fermenta- 
tion of wine or beer, by the putrefaction of animal mat- 
ters, &c. 

It exifts in the ftate of fimple mixture in mineral waters, 
fince in thefe it pofleffes all its acid properties. 

It exifts in a ilate of combination in {tone, common 
magnefia, alkalis, &c. 

Various procefies are employed to collect it, according 
to the ftate in which it is found. 

1. When the carbonic acid exifts in the ftate of gas, 
it may be collected — 1. By filling a bottle with water, 
and emptying it into the atmofphere of this gas : the acid 
takes the place of the water, and the bottle is afterwards 
corked to retain it. 2. By expofing lime water, cauftic 
alkalis, or even pure water, in its atmofphere : the ga- 
feous acid mixes or combines with thefe fubftances : and 
may be afterwards extracted by re-agents, which we mall 
proceed to defcribe. 

II. When the carbonic acid exifts in a ftate of combi- 
nation, it may be extracted — 1. By diftillation with a 
ftrong heat. 2. By the re action of other acids, fuch as 
the fulphuric acid, which has the advantage of not being 
volatile, and confequently is not altered by its mixture 
with the carbonic acid which is difengaged. 

III. When the carbonic acid exifts in the ftate of fimple 
mixture, as in water, brifk wines, &c. it may be obtain- 
ed — 1. By agitation of the liquid which contains it; as 
Mr. Venel practifed, by making ufe of a bottle to which 
he adapted a moiftcned bladder. 

2. By diftillation of the fame fluid. — Thefe two firft 
methods are not accurate. 

3. The procefs indicated by Mr. Gioanetti, confifts in 
precipitating the carbonic acid by means of lime-water, 
weighing the precipitate, and deducting thirteen thirty- 
fecond parts for the proportion of carbonic acid; it having 
been deduced from analyfjs, by this celebrated phyfician, 
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that thirty-two parts of carbonate of lime contain icven- 
teen lime, two water, and thirteen acid. 

This fubftance is an acid, as is proved — i. Becaufe 
tincture of turnfole, agitated in a bottle filled with this 
gas, becomes red. 2. Ammoniac, or volatile alkali, 
poured into a veiiel filled with this gas, is neutralized. 

3. Water impregnated with this gas is flrongly fub-acid. 

4. It neutralizes alkalis, and caufes them to cryftalize. 
It remains at prefent to examine the properties of this 

acid gas. 

A. It is unfit for refpiration. Hiflory informs us that 
two Haves whom Tiberius caufed to defcend into the 
Grotto del Cano, were immediately Hi fled ; and two 
criminals that Peter de Toledo caufed to be {hut in there, 
fuffered the fame fate. The abbe Nollet, who had the 
courage to refpire the vapour, perceived a mffocatinff 
fenfation, and a flight degree •©£ acidity, which produced 
coughing and freezing. Pilatre de Holier, who prefaats 
himfclf to our notice on all occafions wherein danger was 
to be faced, caufed himfelf to be fattened by cords fixed 
under his arms, and defcended into the gafeous atmof- 
plaere of a back of beer in fermentation, lie had fcarcciy 
entered into the mephitis before flight prickings obliged 
him to fhut his eyes ; a violent fuffocation prevented 
him from refpiring ; he felt a giddinefs, accompanied 
with thofe noifes which characterize the apoplexy : and 
when he was drawn up, his light remained dim for feveral 
minutes ; the blood had filled the jugulars ; his counte- 
nance had become purple j and he neither heard nor fpoke 
but with great difficulty : ail thefe fymptoms however 
difappeared by degrees. 

It is this gas which produces the many unhappy acci- 
dents at the opening of cellars, in places where wine, cy- 
der, or beer are fuffered to ferment. Birds plunged into 
the carbonic acid gas, fuddenly perifla. The famous Lake 
of Averno, where Virgil placed the entrance of hell, ex- 
hales fo large a quantity of carbonic acid, that birds can- 
not fly over it with impunity. When the waters of Bou- 
Hdou of Perols are dry, fiich birds as attempt to quench 
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their thirft in the clefts, are enveloped in the mephitic 
vapour, and die. 

Frogs, plunged in an atmofphere of carbonic acid, live 
from forty to fixty minutes, by fiifpending their refpira- 
tion. 

Infects arc rendered torpid after a certain time of re- 
maining in this air ; but they refume their livelinefs the 
moment they are expofed to the free air. 

Bergmann pretended that this acid fuffocates by extin- 
guifhing irritability : he founds his opinion upon the 
circumflance of his having taken out the heart of an 
animal which had died in the carbonic acid, before it 
was cold, and it exhibited no fign of irritability. The 
chevalier Landriani has proceeded ftill further : for he 
affirms that this gas extinguiJhes irritability, even when 
applied to the fkin ; and has aflerted that, by tying a 
bladder full of this gas to the neck of a fowl, in fuch a 
manner that the head only of the animal was in the open 
air, and the whole body enveloped in the bladder, the 
fowl immediately periihed. The abbe Fontana has re- 
peated and varied this experiment on fcveral animals, 
none of which died. 

The count Morrozzo publiihed experiments made in 
the prefence of Dr. Cigna; the refults of which appear 
to invalidate the confequences of the celebrated Bergmann : 
but it is to be obferved, that the chemift of Turin caufed 
his animals to die only in air vitiated by the death of an- 
other animal ; and that in this circumflance the nitrogene 
gas predominates. — See the Journal de Phyfique, torn. 

XX V. p. 112. 

B. The carbonic acid is improper for vegetation. Dr. 
Prieftley having kept the roots of feveral plants in water 
impregnated with the carbonic acid, obferved that they 
all perifhed ; and in thofe inftances where plants are ob- 
ferved to vegetate in water or in air which contains this 
gas, the quantity of gas is very fmall. 

Mr. Senebier has even obferved, that plants which are 
fullered to grow in water {lightly acidulated with this gas 
emit a much larger quantity of oxigenous gas ; becaufe, 
in this cafe, the acid is decompofed, the carbonaceous 
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principle combines and is fixed in the vegetable, white 
the oxigene is thrown off. 

I have obferved that thofe fungi which are formed in 
fubterraneous places, are almoft totally refolved into car- 
bonic acid ; but if thefe vegetables be gradually cxpofed 
to the action of light, the proportion of acid diminifhes; 
while that of the coaly principle augments, and the vege- 
table becomes coloured. I have purfued thefc experi- 
ments with the greateft care in a coal mine. 

C. The carbonic acid is eafily diffolved in water. Wa- 
ter impregnated with this acid pofTefTes very valuable 
medicinal qualities ; and feveral apparatus have been fuc- 
ceflively invented to facilitate this mixture. The appara- 
tus of Nooth, improved by Parker and Magellan, is one 
of the mod ingenious. On this fubjecl the Encyclopedia 
Methodique may be confulted, article Acide Mephitiquc. 

The natural acidulous mineral waters do not differ from 
thefe, excepting in confequence of their holding other 
principles in folution ; and they may be perfectly imitated 
when their analyfis is well known. It is abfurd to think 
that art is incapable of imitating nature in the compofition 
of mineral waters. It mult be admitted that the procef- 
ies of nature are abfolutely unknown to us, in all the ope- 
rations which relate to life ; and we cannot flatter our- 
felves with the hope of imitating her in thefe circumftan- 
ces. But when the queftion relates to an operation purely 
mechanical, or confifting of the folution of certain known 
principles in water, we can and ought to perform it even 
frill better, as we have the power of varying the dofes, 
and proportioning the efficacy of any artificial mineral 
water to the purpofes to which it is intended to be ap- 
plied. 

D. The carbonic acid gas is heavier than common air. 
The proportion between thefe two airs in weight, accord- 
ing to Mr. Kirwan, is 45,69 to 68,74. The proportion, 
according to the experiments of Mr. Lavoifier, is 48,81 
to 69,50. 

This confiderable weight caufes it to occupy the lowed 
fituations and even gives it the property of being poured 
out from one vefTel to another, fo as to difplace the atmo- 
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fplicric air. This truly curious phenomenon wis obferved 
by Mr. De Sauvages, as may be feen in his Diflertation 
upon air, which was crowned in Marfeillesin 1750, 

It appears to be proved, by fufficient experiments, that 
the carbonic acid is a combination of carbone, or pure 
charcoal, and oxigene. 1. The oxides of mercury, 
when diililled, are reducible without addition, and afford 
only oxigenous gas ; but if a fmall quantity of charcoal be 
mixed with the oxide, the product which comes over 
confifls of carbonic gas only, and the weight of the char^ 
coal is diminifhed. 

2. If well-made charcoal be ignited, and plunged into 
a veflel filled with oxigenous gas, and the veflel be inftantly 
clofed, the charcoal burns rapidly, and at laft goes out : 
the product in this experiment is carbonic acid, which 
may be feparated by the known procelTes ; the remainder- 
is a fmall quantity of oxigenous gas, which may be con- 
verted into carbonic acid by the fame treatment. 

In thefe experiments I fee nothing but charcoal and 
oxigenous gas; and the confequence deduced is fimple and 
natural. 

The proportion of charcoal is to that of oxigene as 
12,0288 to 56,687. 

When the carbonic acid, in fome cafes, is obtained by 
burning hydrogenous gas, it arifes from carbone held in 
folution in this gas. The carbone may even be diffolved 
in hydrogenous gas, by expofing it to the focus of the 
burning mirror in the mercurial apparatus, under a glafs 
veflel filled with this gas. 

The hydrogenous gas which is extracted from a mix* 
ture of fulphuric acid and iron, holds more or lefs of 
charcoal in folution ; becaufe iron itfelf contains this 
fubttance in a greater or lefs quantity, as is afcertained 
by the fine experiments of Meffrs. Berthollet, Monge, 
and Vander Monde. 

The alkalis, fuch as we ufually meet with them, 
contain carbonic acid; and it is this acid which modifies 
them, and diminifhes their -energy, at the fame time that 
it communicates to them the property of eflervefcing. 

Y 
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We may therefore confider alkalis as carbonates with 
excefs of alkali ; and it is eafy to faturate this fupcrabun- 
dant alkali, and to form true cryftallizable neutral fall 



ARTICLE I. 

Carbonate of Pot-afn. 

The carbonate of pot-afli was formerly diftinguifhed In 
the name of Cretaceous Tartar. The method of caufing 
oil of tartar to cryftallize, has long been known. Bonhius 
and Montet have fucceflively (hewn thefe procefTcs : but 
the fimpleft confifts in expoling an alkaline folution in an 
atmofphere of the acid gas which is difengaged in the 
vinous fermentation ; the alkali becomes faturated, and 
forms tetrahedral priimatic cryftals terminated by very 
fhort four-fided pyramids. 

I have feveral times obtained thofe cryftals in the form 
of quadrangular prifms, with their extremities cut off 
flantwife. 

This neutral fait no longer poffefTes the urinous tafle of 
the alkali, but exhibits the penetrating tafle of neutral 
falts, and may be employed in medicine with the greateil 
fuccefs. I have been a witnefs to its being taken in the 
dofe of one dram fgrofs) without the lead inconvenience. 

This fait poffefTes an advantage beyond the fait of 
tartar, in being lefs cauftic, and always of the fame virtue. 

It contains, according to the analyfis of Bergmann, 
twenty parts acid, forty-eight alkali, and thirty-two water, 
in the quintal. 

It does not attract the humidity of the air. I have 
preferved fomc of it for feveral years in a capfule, without 
any appearance of alteration. 

The carbonate of pot-afh is decompofed by ftlex in a 
fufficient heat, which occafions a confiderable boiling or 
ebullition. The refiduc is glafs, in which the alkali is in 
the cauftic ftate. Lime decompofes the carbonate, by 
uniting to the acid ; and acids produce the fame effeft, 
by combining with the alkaline bafes. 
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ARTICLE II. 

Carbonate of Soda. 

The denominations of Aerated Mineral Alkali, Creta- 
ceous Soda, &c. have been fucceffively given to this 
kind of carbonate. 

The mineral alkali, in its natural Hate, contains a 
greater quantity of carbonic acid than the vegetable ; 
and nothing more is neceffary than to dilTolve it, and 
duly evaporate the water, in order to obtain it in 
cryftals. 

Thcfe cryftals are ufually rhomboidal octahedrons ; and 
fometimes have the form of rhomboidal laminae, applied 
obliquely one upon the other, fo that they refemble tiles. 

This carbonate efflorefces in the air. 

One hundred parts contain fixteen parts acid twenty 
alkali, and fixty-four water. 

The affinity of its bafis with filex is ftronger than that 
of the carbonate of pot-afh ; in confequence of which, 
the vitrification it produces is more quick and eafy. 

Lime and the acids decompofe it, with the fame pheno- 
mena which we have obferved at the article Carbonate 
of Pot-afh. 

ARTICLE III. 

Carbonate of Ammoniac. 

This fait has been generally known by the name of 
Concrete Volatile Alkali. It has likewise been diftin- 
guifhed by that of Cretaceous Volatile Alkali, &c. 

It may be obtained by diftillation from many animal 
fubftances. Tobacco affords, likewife, a large propor- 
tion ; but almoft the whole of that which is employed 
in the arts, and in medicine, is formed by the direct 
combination of the carbonic acid and ammoniac, or 
volatile alkali. This combination may be affected — i. 
By palling the carbonic acid through ammoniac, or the 
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pure volatile alkali in foliation. 2. By expofing ammo- 
niac in an atmofphere of carbonic acid gas. 3. By dc? 
compofing the muriate of ammoniac by the neutral falts 
which contain this acid, iuch as the carbonate of lime or 
common chalk. For this purpofe, white chalk is taken, 
and very accurately dried ; and then mixed with equal 
parts of muriate of ammoniac, or common fal ammoniac 
in fine powder. This mixture is put into a retort, and 
diftilled ; the ammoniac and the carbonic acid being 
difengaged from their bafes, and reduced into vapours, 
combine together, and are depolked on the fides of the 
receiver, where they form a itratum more or lefs thick. 

The cryftallization of this carbonate appeared to me 
to be that of a four-fided prifm, terminated by a dihedral 
mmmit. 

The carbonate has lefs fmell than the ammoniac ; it 
is very foluble in water. Cold water diffolves its own 
weight of this fait, at the temperature of fixty degrees 
of Fahrenheit. 

One hundred grains of this fait contain forty-five parts 
acid, forty-three alkali, and twelve water, according to 
Bergmann. 

Moil acids decompofe it, and difplace the carbonic 
acid. 



CHAPTER II. 



Concerning the Sulphuric Acid. 



^ULPHUR, like every other combuftible 
fubftance, cannot be burnt but by virtue of the oxige- 
nous gas which combines with it. 

The moil ufual phenomena which accompany this 
combuftion are, a blue flame, a whitilh and fuffocatin^ 
vapour, and a ftrong, penetrating, and difagreeablc fmell' 
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The remits of this combination vary according to tha* 
proportion in which thefe two principles enter into this 
lame combination. 

The fulphureous or the fulphuric acid may be at plea- 
fure obtained from mblimed fulphur, or from crude ful- 
phur, accordingly as a greater cr lefs quantity of oxigcne 
is combined with the fulphur, by means of combuftion. 

When the current of air which maintains the combuf- 
tion is rapid, the fulphur is carried, and depofited without 
any apparent alteration, into the internal part of the 
leaden chambers in which the oil of vitriol is made. If 
the current of air be rendered more moderate, the com- 
bination is fomewhat more accurate; the fulphur is partly 
changed, and is depofited in a pellicle upon the furface 
of the water. This pellicle is flexible like a fkin, and 
may be handled and turned over in the fame manner. 
If the current be ftill lefs rapid, and the air be fufTered 
to have a fufficient time to form an accurate combination 
with the fulphur, the refiilt is fulphureous acid ; which 
acid preferves its gafeous form at the temperature of the 
atmofphere, and may become liquid like water by the 
application of cold, according to the fine experiments of 
Mr. Mong-e. If the combuftion be (till flower, and the 
air be fufTered to digefl upon the fulphur a longer time, 
and with greater accuracy, the remit is fulphuric acid : 
this laft combination may be facilitated by the mixture of 
faltpetre, becaufe this fubftance furnifhes oxigene very 
abundantly. 

Numerous experiments which I have made in my manu- 
factory, to economize the faltpetre employed in the fabri- 
cation of oil of vitriol, have feveral times exhibited the 
refults here mentioned. 

All the procefles which are capable of being adapted 
for extracting the fulphuric acid, are reducible to — 1 . The 
extraction of it from fubftances which contain it. 2. Its 
direct formation by thecombination of fulphur and oxigene. 

In the firftcafe, the fulphures, or vitriolic falts of iron, 
copper, or zinc, and even thofe whole bafes are clay and 
lime, according to Newman and Margrafr, may be expofed 
to diitillation. But thefe-expenflve proceifes are not very 
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€afy to be carried into execution ; and accordingly they 
have been abandoned, to make room for others of greater 
Simplicity. 

In the fecond cafe, the oxigene may be prefented to 
the fulphur in two forms ; either in theflate of gas, or in 
the concrete ftate. 

i. The combuftion of fulphur by oxigenous gas, is 
performed in large chambers lined with lead. The com. 
buftion is facilitated by mixing about one-eighth of a 
nitrate of pot-am with the fulphur. The acid vapours 
which fill the chamber are precipitated againft its fides, 
and the condenfation is facilitated by a flratum of water 
diipofed on the bottom of the chamber. In fome manu- 
factories in Holland, this combuftion is performed in 
large glafs balloons with large mouths, and the vapours 
are precipitated upon water placed at the bottom. 

In both cafes, when the water is fufficiently impreg- 
nated with acid, it is concentrated in leaden boilers, and 
rectified in glafs retorts, to render it white, and to con- 
centrate it fufficiently for the purpofes of trade. The 
acid, when of a due itrength, indicates fixty fix degrees, 
according to the aerometer of Mr. Baume ; and when it 
has not been carried to this degree, it is unfit for moft 
of the ufes for which it is intended. It cannot, for 
example, be employed in dhTolving indigo ; for the fmall 
quantity of nitric acid which it contains, unites with the 
blue of the indigo, and forms a green colour. 1 have 
ascertained this phenomenon by very accurate experi- 
ments; and I have been a witnefs to the failing of colours, 
and the lofsof fluffs, in confequence of the imperfection 
of the acid. 

2. When the oxigene in the concrete ftatc is prefented 
to the fulphur, it is then in combination with other bodies, 
which it abandons to unite with this laft. T his happens 
when the nitric acid is diflilled from fulphur. Forty-eight 
ounces of this acid, at thirty-fix degrees, diflilled from 
two ounces of fulphur, afforded near four ounces of good 
fulphuric acid. This faft was known to Matte Lafavcur: 
but I pointed out all the phenomena and circumftances of 
the operation in 1781. 
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Sulphur may likev/ife be converted into fulphurit acid 
by means of the oxigenated muriatic acid. — Encyclo- 
pedic Methodique, torn. i. p. 370. 

The fulphuric acid which is found difengaged in 
Ibmc places in Italy, appears likewife to arife from the 
combuftion of fulphur. Baldaliari has obferved it in this 
itate in a hollow grotto, in the micift of a mafs of incruf- 
tations depofited by the baths of Saint PhiUp, in Tufcany. 
He ailerts that a fulphureous vapour continually arifesin 
this grotto. He likewife found fulphureous and vitriolic 
erTervefcences at St. Albino, near mount Pulciano, and at 
the lakes of Travale, where he obferved the branches of 
a tree covered with concretions of fulphur and the oil of 
vitrioi. — Journal de Phyiique, t. vii. p. 395. 

O. Vandelli relates that, in the environs of Sienna and 
Viterbo, fulphuric acid is fometirnes found diiiblved in 
water. Mr. (the commander; De Dolomieu affirms that 
he found it pure and cryftallized in a grotto of mount 
Etna, from which fulphur was formerly obtained. 

According to a firft experiment of Mr. Berthollet, 
fixty-nine parts of fulphur with thirty-one parts of oxigene 
formed one hundred parts of fulphuric acid; and according 
toa fecondexperiment, feventy-twoof fulphur and twenty - 
eight of oxigene formed one hundred parts of dry acid. 

The various degrees of concentration of the fulphuric 
acid have caufed it to be diftinguifhed by different names, 
under which it is known in commerce. Hence the deno- 
minations of Spirit of Vitriol, Oil of Vitriol, and Glacial 
Oil of Vitriol, to exprefs its degrees of concentration. 

The fulphuric acid is capable of palling to the concrete 
ftatc by the impreflion of intenfe cold. This congelation is 
a phenomenon long fince known. Kunckel and Bolm 
have fpoken of it; and Boerhaave fays exprefsly, " Oleum 
vitiioli, fumma arte puriflimum, fumrno frigore hiberno 
in glebas folidefcit perfpicuas ; fed, ftatim ac acuties fri- 
goris retunditor, liquefcit et diffluit." — We are indebted 
to the Duke D'Ayen for fome very valuable experiment-; 
upon the congelation of this acid ; and Mr. De Morveau 
repeated them with equal fuccefs in 1782, and pic 
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that this congelation may be effected at a degree of cold 
confiderably lefs than what had been mentioned*. 

I have already feveral times obtained beautiful cryftals 
of fulphuric acid in flattened hexahedral prifms, termi- 
nated by an hexahedral pyramid ; and my experiments 
have enabled me to conclude — i. That the very concen- 
trated acid cryltallizes more difficultly than that whole 
den lit y lies between hxty-three and fixty-live. 2. That 
the proper degree of cold is from 1 to 3 degrees below 
of Reaumur. The detail of my experiments may be feen 
in the volume of the Academy of Sciences of Paris for the 
year 1784. 

The characters of the fulphuric acid are the following: 

1. It is unctuous and fat to the touch, which has occa- 
fionedit toobtainthe very impropername of Oil of Vitriol. 

2. It weighs one ounce and feven gros in a bottle 
containing one ounce of diflilled water. 

3. It produces heat, when mixed with water, to fuch 
a degree as to exceed that of boiling water. If one end 
of a tube of glafs be clofed, and water poured into it, 
and the clofed end of this tube be plunged into water, 
the water in the tube may be made to boil by pouring 
fulphuric acid into the external water which furrounds 
the tube. 

4. It feizes with great avidity all inflammable fub- 
ftances j and it is blackened and decompofed by this 
combination. 

Stahl fuppofed the fulphuric acid to be the univerfal 
acid. He founded this opinion more efpecially upon the 
circumftance, that cloths foaked in a folution of alkali, 
and expofed to the air attracted an acid which combined 
with the alkali ; and formed a neutral fait, by him 
fuppofed to be of the nature of fulphate of pot-afh, or 
vitriolated tartar. Subfequent and more accurate experi- 
ments have fhewn that this aerial acid was the carbonic ; 
and the prefent ftate of our knowledge is fuch as permits 

* See alfo the experiments of Mr. Kier, and the late experiments of 
Mr. Cavendifh on the congelation of acids, in the Philoibphicul 
Tranf'.clior.s, 
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us ftill left than ever to believe in the exiftence of an uni- 
verfal acid. 

ARTICLE I. 

Sulphate of Pot-afh. 

The fulphate of pot-afh is defcribed indifferently under 
the names of Arcanum Duplicatum, Sal de Duobus, Vi- 
triolated Tartar, Vitriol of Pot-afh, Sec. 

This fait cryftallizes in hexahedral prifms, terminating 
in hexahedral pyramids, with triangular faces. 

It has a lively and penetrating tafte, and melts difficult- 
ly in the mouth. 

It depreciates on hot coals, becomes red-hot before it 
fufes, and is volatilized without decompofition. 

It is foluble in fixfceen parts of cold water, at the tem- 
perature of 60 degrees of Fahrenheit : and boiling water 
difTolves one-filth of its weight. 

100 grains contain 30,21 acid, 64.61 alkali, and 5.18 
water. Moft of the fulphate of pot-aih ufed in medicine is 
formed by the direct combination of the fulphuric acid and 
pouafh, or the vegetable alkali : but that which is met 
with in commerce is produced in the diftillation of acqua 
fortis, by the fulphuric acid : this has the form of beauti- 
ful cryftals, and is fold in the Comtat Venaifin at forty or 
fifty livres the quintal. The aaalyfis of tobacco has like- 
wife afforded me this fulphate. 

Mr. Baume proved to the Academy in 1760, that the 
nitric acid, aflifted by heat, is capable of decompofing the 
fulphate of pot-afh. Mr. Cor net te afterwards fhewed 
that the muriatic acid poffefies the fame virtue ; and I 
ihevved in 1780, that this acid may be displaced by the 
nitric acid, without the a^ T iftance , of heat ; though the 
fulphuric acid refumes its place when the folution is con- 
centrated by heat. 

ARTICLE II. 

Sulphate of Soda. 

This combination of the fulphuric acid and foda is full, 
known under the names of Glauber's Salt, Sal Admira- 

Z 
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bile, Vitriol of Soda, feci This fait cryllallizes in re&an- 
gular octahedrons, of a prifmatic or cuneiform figure, of 
which the two pyramids are truncated near their balls. 

It has a very bitter taite, and ealily diffolves in the 
mouth. 

It i'wells up upon heated coals, and boils, in confc- 
quence of the diffipation of its water of cryitallization. 
After this water has been difperfed, there remains only 
a white powder, difficult of fulion, which is volatilized 
without decompofition by a ftrong heat. 

By expofure to the air, it efferveices, lofes its tranfpa- 
rency, and is reduced to a fine powder. 

Three parts of water at 60 degrees of Fahrenheit's ther- 
mometer, diflblved one part of this fait ; but boiling wa- 
ter diifolves its own weight. 

100 grains of fulphate of ibda contain 14 acid, 22 al- 
kali and 64 water. 

It is formed by the direclt combination of the two prin- 
ciples which contain it ; but the tamarix gallica, which 
grows on the fea coaits, contains fo large a quantity, that 
it may be extracted to advantage. Nothing more is ne- 
ceffary for this purpofc, than to burn the plant, and 
lixiviate the afhes. • That fait which is fold in the fouth 
of France, in fme cryftals, is prepared in this manner. 
It is very pure, and the price does not exceed thirty or 
thirty-five livres the quintal. This fulphate is likewife 
formed in our laboratories when we decompofe the mu- 
riate of ibda, or common fait, by the fulphuric acid. 

Fot-afh diflblved by heat in a folution of fulphate of 
foda, precipitates the foda, and takes its place. See my 
Chemical Memoirs. 

ARTICLE m. 

Sulphate of Ammoniac. 

The fulphate of ammoniac, commonly known by the 
name of Glauber's Secret Ammoniacal Salt, is very 
bitter. 

It cry ft alii zes in long flattened prifms with fix fid 
terminated by fix-fided pyramids. 
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It cannot be obtained in well-formed cryftals but by 
infcniible evaporation. 

It. (lightly attracts the humidity of the air. 

It liquefies by a gentle heat, and riles over a moderate 
fire. 

Two parts of cold water diffolve one of this fait j and 
boiling water diffolves its own weight, according to 
Fourcroy. The fixed alkalis, barytes, and lime, difen- 
gage the ammoniac from it. 

The nitric and muriatic acids difengage the fulphuric 
acid. 

The different fubftances of which we have treated are 
of confiderable ufe in the arts and medicine. 

The fulphureous acid is employed in whitening filk, 
and giving it a degree of luftre. Stahl had even com- 
bined it with alkali, and formed the fait fo well known 
under the name of StahPs Sulphureous Salt. This com- 
bination paries quickly to the ftate of fulphate, if it be left 
expofed to the air ; as it fpeedily abforbs the oxigene 
which is wanting for that purpofe. 

The principal ufe of the fulphuric acid is in dying, in 
which art it ferves to diffolve indigo, and carry it in a 
ftate of extreme divifion upon the ftuffs to be dyed ; it is 
likewife ufed by the manufacturers of Indiens, or filk and 
fhiffmixtures, to carry off the preparation of thefe goods, 
wherein lime is ufed. The chemift makes great ufe of 
this acid in his analyfes ; and to feparate other acids from 
their combination, fuch as the carbonic, the nitric, and 
the muriatic acids. 

The fulphate of pot-afh is known in medicine as an 
alterative, and is ufed in cafes of lacteous coagulations. 
It is given in the dole of a few grains, and is even pur- 
gative in a greater dofe. 

The fulphate of foda is an effe&ual purgative in the 
dofe of from four to eight gros, or drams. For this pur- 
pofe it is dhTolved in a pint of water. 
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Cor.eerning the Nitric Acid. 

HE nitric acid, called Aqua Fortis in com- 
merce, is lighter than the fulphuric. It ufually has a 
yellow colour, a ftrong and difagrceablc fuiell, and emits 
red vapours. It gives a yellow colour to the fkin, to filk, 
and to almoft all animal fubitances with which it may 
come in contact. It diffolves and fpeedily corrodes iron, 
copper, zinc, &c. with the efcape of a cloud of red vapours 
during the whole time its action lafts. It entirely deflroys 
the colour of violets, which it reddens. It unites to water 
with facility ; and the mixture affumes a green colour, 
which difappears when ftill further diluted. 

This acid has been no where found in a difengaged 
flate. It always exifts in a ftate of combination ; and it 
is from thefe combinations that the art of chemiftry 
extracts it, to apply to our ufes. The nitric of pot-afh, 
or common nitre, is the combination which is bed known, 
and is likewife that from which we ufually extract the 
nitric acid. 

The procefs ufed in commerce to make aqua fords, con- 
iiftsin mixing one part of faltpetre with two or three parts 
of red bolar earth. This mixture is put into coated retorts, 
difpofed in a gallery or long furnace, to each of which 
is adapted a receiver. The ftrft vapour which arifes in 
the diftillation is nothing but water, which is fuffered to 
efcape at the place of juncture, beiore the luting: and 
when the red vapours begin to appear, the phlegm which 
is condenfedin the receiver is poured out ; and the receiver, 
being replaced, is carefully luted to the neck of the retort. 
The vapours which are condenfed, form at firft a greenifh 
liquor : this colour difappears infenfibly, and is replaced 
by another which is more or \cU yellow. Some chemifts, 
more efpecially Mr. Baume, were of opinion that the 
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earth acted upon the faltpetre by virtue of the fulphuric 
acid it contains. But not to mention that this principle 
does not exift in ail the earths made life of, as Meifrs. 
Macquer, De Morveau, and Scheele have proved, we 
know that pulverized flints equally produce the decom- 
position of faltpetre. I am therefore of opinion that the 
effect of thefe earths upon the fait ought* to be referred 
to the very evident affinity of the alkali to the filex, which 
is a principal component part ; and more efpecially to the 
flight degree of arihefion which exifts between the confti- 
tuent principles of nitrate of pot-afh. 

We decompofe faltpetre in our laboratories by means 
of the fulphuric acid. Very pure nitrate of pot-afh is 
taken, and introduced into a tubulated retort, placed in 
a fand bath, with a receiver adapted. All the places of 
junction are carefully luted ; and as much fulphuric acid 
as amounts to half the weight of the fait is poured through. 
the tubulure ; and the diftillation is proceeded upon. 
Care is taken to fit a tube into the tubulure of the 
receiver ; the other end of which is plunged into water, 
to condenfe the vapours, and to remove all fear of an 
explolion. 

Inftead of employing the fulphuric acid, we may fub- 
ftitute the fulphate of iron, and mix it with faltpetre in 
equal parts. In this cafe, the refidue of the diftillation, 
when well wafhed, forms the mild earth of vitriol made 
life of to polifh glafs. 

Stahl and Kunckel have fpokeri of a very penetrating 
aqua fortis, of a blue* colour, obtained by the diftillation 
of nitre with arfenic. 

Whatever precaution is taken in the purification of 
the faltpetre, and however great the attention may be 
which is beftowed upon its diftillation, the nitric acid is 
always impregnated with fome foreign acid, either the 
fulphuric or muriatic, from which it requires to be puri- 
fied. It is cleared of the firft by redillilling it upon very 
pure faltpetre, which retains the fmall quantity of ful- 
phuric acid that may exift in the mixture. It is depri- 
ved of the fecond by pouring into it a few drops of a fo- 
lution of nitrate of iiiver. The muriatic acid combines 
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with the ftlvcr, and is precipitated with it in the form of 
an infoluble fait. The fluid is then fuffered to remain at 
reft, and is afterwards decanted from the precipitate or 
deposition. This acid, fo purified, is known under the 
name of Aqua l'brtis for Parting, Precipitated Nitrous 
Acid, Pure Nitric Acid, &c. 

Stahl had coniiJered the nitric acid as a modification 
of the fulphuric, produced by its combination with an 
inflammable principle. This opinion has been fupported 
by feveral new fads, in a defertation of Mr. Pictfh, 
crowned by the Academy of Berlin in 1749. 

The experiments of the celebrated Males led him ftill 
nearer to this conclufion, as his manipulations were iuc- 
cefliveiy employed upon the two conftkuent principles 
of the nitric acid. This celebrated philofophcr had ob- 
tained ninety cubic inches of air from half a cubic inch of 
nitre; and he proceeded no further in his conclusions, 
than to ailert that this air is the principal caufe of the ex- 
plosions of nitre. 

The lame philofopher relates that the pyrites of Wal- 
ton treated with equal quantities the fpirit of nitre and 
water, produce an air which has the property of abforb- 
ing the frefh air, which may be made to enter the veffel. 
This great man, therefore, extracted fucceffively the two 
principles of the nitric acid; andthele capita! experiments 
put Dr. Prieftley in the road to the difcoveries he has 
lince made. 

It was not however until the year 1776, that the ana- 
Jyns of the nitric acid was well known. Mr. Lavoifier, 
by diftilling this acid from mercury, and receiving the 
feveral products in the pneumato-chemical apparatus, has 
proved that the nitric acid, whole fpecific gravity is to 
that of diftilled water as 131607 to ioooco, contains— 

cz. gros. grabs 

Nitrous gas 1 7 r r i 

Oxigenous gas 177 _\ 

Water 13 — 

By combining thefe three principles together the de- 
compofed acid was regenerated. 
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The action of the nitric acid on moft inflammable mat- 
ters, confiirs in nothing more than a continual decompo- 
fition of this acid. 

If the nitric acid be poured upon iron, copper, or 
zinc, thefe metals are inftantly attacked with a ftrong ef- 
fervcfccnce ; and a considerable difengagement of vapours 
takes place, which become of a red colour by their com- 
bination with the atmofpheric air, but which may be 
retained and collected in a ftate of gas in the hydro- 
pneumatic apparatus. In ail thefe cafes the metals are 
ftrongly oxided. 

The nitric acid, when mixed with oils, renders them 
thick and black, converts them into charcoal, or inflames 
them, accordingly as the acid is more or lefs concentra- 
ted, or in a greater or lefs quantity. 

h very concentrated nitric acid be put into an apothe- 
cary's phial, and be poured upon charcoal in an impal- 
pable powder, and very dry, it fets it on fire inftantly, at 
the fame time that carbonic acid and nitrogene gas are 
difensraged. 

The various acids which are obtained by the digeftion 
of the nitric acid on certain fubftances, fuch as the oxalic 
acid, or acid offiigar, the arfenical acid, &c. owe their 
cxiftence merely to the decompofition of the nitric acid, 
the oxigene of which is fixed in combination with the 
bodies upon which the acid is diddled. The facility with 
which this acid is decompofed, renders it one of the moil 
active becaufe the action of acids upon moft bodies is a 
confequencc cf their own proper decompoiition. 

The characters of nitrous gas, which is extracted by 
the decompofition of the acid, are — 1. It is invifible, or 
perfectly tranfparent. 2. Its fpecific gravity is rather lefs 
than that of atmofpherical air. 3. It is unfit for refpira- 
tion, though the abbe Fontana pretends that he refpired 
it without danger. 4. It does not maintain combuilion. 
5. It is not acid, according to the experiments of the 
Duke de Chaulnes. 6. It combines with oxigene, and 
reproduces the nitric acid. 

But what is the nature of this nitrous o-^.s ? It was at 
firft pretended that it confifts of the nitric acid fa tu rated 
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with phlogifton. This iyltcm ought to have been a 
doned as ioon as it was proved that the nitric acid depo- 
sited its oxigene upon the bodies on which it acled ; and 
that the nitrous gas was lefs in weight than the acid made 
ufe of*. A capital experiment of Mr. Oavendifh lias 
thrown the greateft light on the fubject. This chei 
having introduced into a tube of glals feven parts or oxi- 
genous gas obtained without nitrous acid, and three p 
of nitrogene gas ; or, by eitimating thefe quantities in 
weight, ten parts of nitrogene to twenty-fix of oxigenc — 
and having caufed the electric (park to pafs through this 
mixture, perceived that its volume or bulk was greatly 
diminiihcd, and fucceeded in converting it into nitric acid. 
It may be prefumed, from his experiment, that the acid 
is a combination of feven parts of oxigenc, and three of 
nitrogene. Thefe proportions conftitute the ordinary 
nitric acid ; but when a portion of its oxigene is taken 
away, it paffes to the Hate of nitrous gas ; fo that nitrous 
gas is a combination of nitrogene gas, with a fmall quan- 
tity of oxigene. 

Nitrous gas may be decompofed by expoiing it to a fo- 

lution of the fulphure of pot-afh, or hepar of fulphur: the 

ene gas unites to the iulphur, and forms iulphuric 

acid while the nitrogene gas remains behind in a Itate of 

purity. 

Nitrous gas may likewife be decompofed by means of 
pyrophorus, which burns in this air, and abforbsthe oxi- 
genous gas. 

The electric fpark has likewife the property of decom- 
piling nitrous gas. Mr. Van Marum has obferved that 
three cubic inches of the nitrous gas arc reduced by elec- 
tricity to one cubic inch and three quarters ; and that this 
refidue no longer poffefled any property of nitrous gas. 
Laftly, according to the experiments of Mr. Lavoiiier, 
one hundred grains of nitrous gas contain thirty-two parts 
nitrogene, andiixty-eight parts oxigenc: according to the 
fame chemifr, one hundred grains of nitric acid contain 
ieventy-nine and a half oxigene and twenty and a halt' 
nitrogene ; and this is the reafoii why nitrous gas mould 
be employed in a lefs portion than nitrogene gas, to 
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combine with the oxigene gas, and from the nitric 
acid. 

Thefe ideas upon the compofition of the nitrous acid, 
appear to be confirmed by the repeated proofs we now 
have of the neceflity of cauling fubftances, which afford 
much nitrogene gas, to be presented to the oxigene gas, 
in order to obtain nitric acid. 

The feveral ftates of the nitric acid may be clearly 
explained according to this theory: — 1. The fuming 
nitrous acid is that in which the oxigene does not exift in 
a fuiEcient proportion; and we may render the whiteftand 
the moftfaturated nitric acid fuming and ruddy, by depri- 
ving it of a part of its oxigene by means of metals, oils, 
inflammable fubftances, &c. or even by difengaging the 
oxigene by the flmple expofition of the acid to the light of 
the fun, according to the valuable experiments of Mr. 
Berthollet. 

The property which nitrous gas pofieffes, of abforbing 
oxigene to form the nitricacid, has caufed it to beemployed 
to determine the proportion of oxigene in the compofition 
which forms our atmofphere. The abbe Fontana has 
conftrucled, on thefe principles, an ingenious eudiometer, 
the defcription and manner of ufmg which may be feen 
in the firfl volume of Dr. Ingenhoufz's Experiments upon 
Vegetables. 

Mr. Berthollet has very juftly obferved, that this 
eudiometer is inaccurate, or productive of deception — 1 . 
Becaufe it is difficult to obtain nitrous gas conftantly 
formed of the fame proportions of nitrogene gas and 
oxigene ; for they vary, not only according to the nature 
of the fubftances upon which the nitricacid isdecompofed, 
but likewife accordingly as the folution of any given fub- 
flance by the acid is made with greater or lefs rapidity. 
If the acid be decompofed upon a volatile oil, nothing 
but nitrogene gas can be obtained ; if the acid acl: upon 
iron, and it be much concentrated, nitrogene gas only 
will be obtained, as I have obferved, See. 2. The nitric 
acid which is formed by the union of nitrous gas and 
oxigene, diffolves a greater or lefs quantity of nitrous gas 
according to the temperature, the quality of the air which 

A a 
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is tried, the fize of the eudiometer, &c. fo that the dimi- 
nution varies in proportion to the greater orlefs quantity 
of nitrous gas obtained by the nitric acid which is formed: 
confequently the diminution ought to be greater in winter 
than in fummer, &c. 

According to the experiments of Mr. Lavoifier, four 
parts of oxigenous gas are fufficient to faturatefeven parts 
and one third of nitrous gas ; whereas it is found that 
nearly fixteen parts of atmofphcric air are required to 
produce the fame effect : whence this celebrated chemift 
lias concluded, that the air df the atmofphere does not in 
General contain more than one-fourth of oxigenous or ref- 
pirable gas. Repeated experiments at Montpellier, upon 
the fame principle, have convinced me that twelve or 
thirteen parts of atmofpheric air are conflantly fufficient 
to faturate feven parts and one-third of nitrous gas. 

Thefe experiments ihew, toacertain degree of accuracy, 
i he proportion in which vital air exifts in the air which we 
refpire ; but they do not give us any information ref- 
pedting the noxious gafes which, when mixed with the 
atmofpheric air, alter it, and render it unwholcfomc. 
This obfervation very much curtails the ufe of this 
inftrument. 

The combination of the oxigenous and nitrous gafes 
always leaves an aeriform refidue, which Mr. Lavoifier 
eftimatedat about one thirty-fourth of the whole volume: 
it arifes from the mixture of the foreign gafeous fub- 
jhnces, which more or lefs affect the purity of the gafes 
made ufe of. 



ARTICLE I. 

Nitrate of Pot-afh. 

The nitric acid, combined with pot-afh, forms the fait 
fo well known under the names of Nitre, Saltpetre, 
Nitre of pot-afh, 5cc. 

This neutral fait is rarely the product of any direct 
combination of its two conftituent parts. It is found 
ready formed in certain places ; and in this manner it is 
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that the whole of the nitre employed in the arts is 
obtained. 

In the Indies, it efllorefces on the furface of unculti- 
vated grounds. The inhabitants lixiviate thefc earths 
with water, which they afterwards boil and cryilaliize 
in earthen pots. Mr. Dombey has obferved a great 
quantity of faitpetre near Lima, upon earths which ferve 
for pafture, and which produce only gramineous plants. 
Mr. Talbot Dillon, in his travels into Spain, relates 
that one-third of all the grounds, and in the fouthern 
parts of that kingdom even the dud of the roads, con- 
tain falt-petrc. 

Saltpetre is extracted in France from the ruins and 
plafter of old houies. 

This fait exiits ready formed in vegetables, fuch as 
parictaria and buglofs, &c. and one of my pupils, Mr. 
Virenque, has proved that it is produced in ail extracts 
which are capable of fermenting. 

The fermentation of faitpetre may be favoured, by 
caufing'certain circumftances to concur which are of ad- 
vantage to its formation. 

In the North of Europe, the idltpetre-beds are formed 
with lime, allies, earth of uncultivated grounds, andfiraw, 
which are itratificd, and watered with urine, dunghill- 
water, and mother waters. Thefe beds are defended by 
a covering of heath or broom. In the year 1775, the 
King caufed a prize to be propofed by the Royal Academy 
of Sciences at Paris, to difcover a method of increafing 
the product of faitpetre in France, and to relieve the 
people from the obligation of permitting the faltpetre- 
inakcrs to examine their cellars, in order to difcover and 
carry away faitpetre earths. Several Memoirs were 
offered on the fubject, which the Academy united into a 
fintrle volume ; and thefe have added to our knowledge, 
by inftructing us more especially concerning the nature of 
t he matters which favour the formation of nitre. It was 
known, for example, long - iince, that nitre is formed in 
preference near habitations, or in earths, impregnated 
with animal products : it was iikewifc known that, in 
general, the alkaline baiis was afforded by the concurrence 
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of a vegetable fermentation. Mr. Thouvenel, whofe 
memoir was crowned, has proved that the gas which is 
difengaged by putrefaction, is neceffary for the formation 
of nitre ; that blood, and next to it, urine, were the 
animal parts which were the moft favourable to its forma- 
tion ; that the moft minutely divided and thelighteft earths 
were the moft proper for nitrification ; that the current of 
air muft be properly managed, to fix upon thefe earths 
the nitric acid which is formed, he. 

It feems to me that Becher pofleffed a considerably 
accurate knowledge of the formation of nitre, as appears 
from the following paflagcs : 

" Haec enim (vermes, mufaCj ferpentes) putrefach in 
" terrain abeunt prorfus nitrofam; ex qua etiam communi 
" modo nitrum copiofum parari poteft, fola elixatione 
" cum aqua communi." — Phyf. Subt. lib. i. S. V. t. i. 
p. 286. 

" Sed et ipfum nitrum necdum finis ultimus putrefacli- 
" onis eft ; nam cum ejufdem partes igneae feparantur, 
" relinquae in terrain abeunt prorfum puram & inftpidam, 
" fed fingulari magnetifmo pneditam novum fpiritum 
" aereum attrahendi, rurfufque nitrum fiendi." — Phyf. 
Subt. S. V. t. i. p. 292. 

From all the difcoveries and obfervations which have 
been hitherto made, it follows that, in order to ellablifli 
artificial nitre beds, it is necelfary that animal putrefaction 
and vegetable fermentation fhould concur. The nitrogene 
gas, in its difengagement from the animal fubftances, 
combines with the oxigene, and forms the acid, which 
again unites with the alkali, whofe formation is favoured 
by the vegetable decompofition. 

When the manufacturer is in poffefiion of faitpetre 
grounds, whether by the fimplc operations of nature or 
by the aftiftance of art, the faitpetre is extracted by the 
lixiviation of thefe earths ; which lixivium is afterwards 
concentrated, and made to cryftallize. In proportion as 
the evaporation goes forward, the marine fait, which 
almoft always accompanies the formation of nitre, is pre- 
cipitated. This is taken out with ladles, and fet to drain 
in bafkets placed over the boilers. 



Purification of Nitre, 1 3 9 

As a great part of the nitre has an earthy bafis, and 
requires to be furnifhed with an alkaline bafis to caufe it 
to cryftalize, this purpofeis accomplished either by mixing 
alhes with the faltpetre earths, or by adding an alkali 
ready formed to the lixivium itfelf. 

Nitre obtained by this fir'ft operation is never pare, but 
contains fea-falt, and an extractive and colouring princi- 
ple, from which it mull be cleared. For this purpofe it 
is diflolved in frefh water, which is evaporated, and to 
which bullocks blood maybe added, to clarify the folution. 
The nitre obtained by the fecond manipulation is known 
by the name of Nitre of the Second Boiling. If recourfe 
be had to a third operation to purify it, it is then called 
Nitre of the Third Boiling. 

The purified nitrate of pot-afh is employed in delicate 
operations, fuch as the manufacture of gunpowder, the 
preparation of aqua fortis for parting, and the folution of 
mercury, &c. The faltpetre of the firft boiling is ufed in 
thofe works where aqua fortis is made for the dyers. It 
affords a nitro-muriatic acid, which is capable of diflblv- 
ing tin by itfelf. 

The nitrate of pot-afh cryftalizes in prifmatic octahe- 
drons, which almoft always repreient fix- tided flattened 
prifms, terminated by dihedral fummits. 

It has a penetrating tafte followed by a fenfation of 
coldnefs. 

It is fufible upon ignited coals; and in this cafe its 
acid is decompofed. The oxigene unites with the carbone 
and forms the carbonic acid ; the nitrogene gas and the 
water are diflipated ; and it is this mixture of principles 
which has been known by the name of Clyffus of 
Nitre. 

The diftillation of the nitrate of pot-afh affords twelve 
thoufand cubic inches of oxigenous gas for each pound of 
the fait. 

Seven parts of water diflblve one of nitre, at fixty 
degrees of Fahrenheit ; and boiling water diffolves its 
own weight of this fait. 

One hundred grains of the cryftals of nitre contain 
thirty acid, fixty-three alkali, and feven water* 
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When a mixture of equal parts of nitre and fulphur 
are thrown into a red-hot crucible, a faline fub (lance is 
obtained, which was formerly called Sal Polychreit of 
Glafer, and which has fince been confidered as Sulphate 
of Pot-alh. If nitre be fufed, and a few pinches of 
fulphur be thrown upon this fait in fuhon, and the whole 
be afterwards poured out or call into plates, it forms a 
fait known by the name of Cryftal Mineral, 

A mixture of leventy-five parts of nitre, nine and a 
half of fulphur, and fifteen and a half of charcoal, forms 
gunpowder. 1 his mixture is triturated from ten to 
fifteen hours, care being taken to moiften it from time 
to time. This trituration is ullially performed by pound- 
ing mills, whofe peftles and mortars are of wood. In 
order to give the powder the form proper to granulate 
it, it is palled through fieves of fkin, whofe perforations 
are of various fizes. The grained powder is then fifted, 
to feparate the dull, and it is afterwards carried to the 
drying-houfe. Gunpowder for artillery, or cannon- 
powder, receives no other preparation ; but it is neccf- 
fary to glaze the powder which is intended for fowling. 
This laft. preparation is effected by putting it into a kind 
of calk which turns on an axis, and by whofe movement 
the angles of the grains are broken, and their furfaces 
poliihed. We are indebted to Mr. Beaume and the 
chevalier Darcy for a feries of experiments, in which 
they have proved — 

i. That good gunpowder cannot be made without 
fulphur. 

2. That charcoal is likewife indifpenfably neceffary. 

3. That the quality of gunpowder depends, ceteris 
paribus, upon the accuracy with which the mixture is 
made. 

4. That the effect of powder is greater when fimply 
dried than when it is granulated. 

The effect of gunpowder depends upon the rapid 
decompofition which is made in an inflant of a consider- 
able mafs of nitre, and the fudden formation of thofe 
gafes which are the immediate product. Bernoulli, in 
the laft century, ascertained the development of air by 



Fulminating Powder. 141 

the deflagration of gunpowder : he placed four grains of 
powder in a recurved tube of glafs, plunged the tube in 
water, and fet fire to the gunpowder by means of the 
burning-glafs ; after the combuftion the interior air occu- 
pied a larger (pace, fo that the fpace abandoned by the 
water was fuch as would have contained two hundred 
grains of gunpowder. — Flift. de l'Academie des Sciences 
tic Paris, "1696, t. ii. Memoire de M. Varignon fur le 
Feu et la Flamme. 

The fulminating powder, which is made by the mix- 
ture and trituration of three parts of nitre, two of fait of 
tartar, and one of fulphur, produces effects ftill snore ter- 
rible. In order to obtain the full effect, it is expofed in a 
ladle to a gentle heat ; the mixture melts, a fulphureous 
blue flame appears, and the explofion takes place. Care 
muft be taken to give neither too flrong nor too flight, 
a degree of heat. In either cafe, the combuftion of the 
principles takes place feparately, and without explofion. 



ARTICLE II. 



Nitrate of Soda. 

This fait has received the name of Cubic Nitre on 
account of its form ; but this denomination is not exact, 
becaufe it affects a figure conftantly rhombdidal. 

It has a cool, bitter tafle. 

It flightly attracts the humidity of the air. 

Cold water, at fixty degrees of Fahrenheit's thermo- 
meter, diffolves one-third of its weight ; and hot water 
fcarcely diffolves more. 

It fufes upon burning coals with a yellow colour ; 
whereas common nitre affords a white flame, according 
to Margraff — 24 Biflcrt. fur le Sel Commun, t. ii. p. 343. 

100 grains of this fait contain 28.80 acid, 50.09 
alkali, and 21. 11 water. 

It is almoft always the produft of art. 
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ARTICLE III. 

Nitrate of Ammoniac. 

The vapours of ammoniac, or volatile alkali, being 
brought into contact with thofe of the nitrous acid, com- 
bine with them, and form a white and thick cloud, which 
iiowly fubfides. 

But when the acid is directly united to the alkali, the 
refult is a fait, which has a cool, bitter, and urinous 
tafte. 

Mr. De Lifle pretends that it cryftallizes in beautiful 
needles, fimilar to thofe of fulphate of pot-afh. 

Thefe cryftals cannot be obtained but by a very flow 
evaporation. 

When this fait is expofed to the fire, it liquefies, emits 
aqueous vapours, dries, and detonates. 

Mr. Berthollet has analyfed all the refults of this ope- 
ration, and has drawn from them a new proof of the truth 
of the principles which he has eftablifhed with regard to 
ammoniac. 



CHAPTER IV. 

Concerning the Muriatic Acid. 



r 1 i 

X HIS acid is generally known by the name of 
Marine Acid, and it is ftill diftinguifhed among artifans 
by the name of Spirit of Salt. 

It is lighter than the two preceding acids ; it has a ftrong 
penetrating fmell, refembling that of faffron, but infinitely 
more pungent ; it emits white vapours when it is concen- 
trated ; it precipitates filver from itsfolutionin the form 
of an infoluble fait, &c. This acid has no where been 
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found difengaged ; and, to obtain It in this ftate, it n 
neceifary to difengage it from its combinations. Common 
fait is ufually employed for this purpofe. 

The fpirit of fait of commerce is obtained by a procefs 
little differinsr from that which is ufed in the extraction of 
aqua fortis. But as this acid adheres more ftrongly to its 
bafis, the produft is very weak, and only part of the ma- 
rine fait is decompofed. 

Flints pulverized and mixed with this fait, do not fepa- 
rate the acid. Ten pounds of flints in powder, treated by 
a violent fire with two pounds of the fait, did not afford 
me any other product than a mafs of the colour of litharge. 
The fumes were not perceptibly acid. If clay, which has 
once ferved to decompofe marine fait, be mixed with a 
new quantity of the fame fait, it will not decompofe an 
atom of it, even though the mixture be moiflened and 
formed into a pafte. Thefe experiments have been feveral 
times repeated in my manufactory, and have conitantly 
exhibited the fame refults. 

The fulphate of iron, or martial vitriol, which fo eafily 
difengages the nitric acid, decompofes marine fait ; but 
very imperfectly. 

The impure foda known in France by the name of 
Blanquette, and in which my analyfis has exhibited 
twenty-one pounds of common fait out of twenty-five, 
fcarcely affords any muriatic acid when it is diftilled with 
the fulphuric acid ; but it affords abundance offulphu- 
reous acid. Mr. Berard director, of my manufactory 
attributed thefe refults to the coal contained in this foda, 
which decompofed the fulphuric acid. He therefore 
calcined the blanquette to deflroy the charcoal : and then 
he found he could treat it in the fame manner as common 
fait, and with the fame fuccefs. 

The fulphuric acid is ufually employed to decompofe 
marine fait. My method of proceeding confifts in drying 
the marine fait, pounding it, and putting it into a tubu- 
lated retort placed upon a find bath. A receiver is 
adapted to the retort, and afterwards two bottles, after 
the manner of Woulfe, in which I diftribute a weight 
of diftiiled water equal to that of the marine fait made 

B b 
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ufe of. The joinings of the veftels arc then luted, but 
with the greateft caution ; and when the apparatus is 
thus fitted up, a quantity of fulphuric acid is poured 
through the tubulure equal to half the weight of the fait. 
A confiderable ebullition is immediately excited ; and 
when this effervescence is flackened, the retort is gradu- 
ally heated, and the mixture made to boil. 

The acid is difengaged in the itate of gas ; and mi 
rapidly with the water, in which it produces a confider- 
able degree of heat. 

The water of the firft bottle is ufually laturated with 
the acid gas, and forms a very concentrated and fuming 
acid ; and though thefecond is weaker, it may be carried 
to any defired degree of concentration, by impregnating 
it with a new quantity of the gas. 

The ancient chemifts were divided refpecling the nature 
of the muriatic acid. Becher fuppofed it to be the ful- 
phuric acid modified by his mercurial earth. 

This acid is mfceptible of combining with an additional 
dole of oxigene ; and, what is very extraordinary, it be- 
comes more volatile in confequence of this additional 
quantity; whereas the other acids appear to acquire a 
greater degree of fixity in the fame circumflances. It 
may even be laid, that its acid virtues become weaker in 
this cafe, fince its affinities with alkalis diminiih ; and it 
is fo far from reddening blue vegetable colours, that it 
deftroys them. 

Another phenomenon not lefs interefting, which is 
prefented to us by this new combination, is, that though 
the muriatic acid feizes the oxigene with avidity, yet it 
contracts fo weak a union with it, that it yields it to 
almoft all bodies, and the mere action of light alone is 
fuflicient to difengage it. 

It is to Schecle that we are indebted for the difcovery 
of the oxio;enated muriatic acid, lie formed it in the 
year 1774, by employing the muriatic acid as a folvent 
for manganefe. He perceived that a gas was difengaged, 
which poflefied the diftinctive imell of aqua rcgia ; and 
he was of opinion that in this cafe the muriatic acid aban- 
doned its phlogiftion to the manganefe ; in confequence 
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of which notion he called it the Dephlogifticated Marine 
Acid. He took notice of the principal and truly aftonifli- 
ing properties of this new fubftance ; and all chemifts 
hnce his time have thought their attention well employ- 
ed in examining a fubftance which exhibits fuch Angular 
properties. 

To attract this acid, I place a large glafs alembic of 
one fingle piece upon a land bath. To the alembic I 
adapt a fmall receiver ; and to the receiver three or four 
f mall bottles nearly filled with diftilled water, and arranged 
according to the method of Woulfe. I difpofe the receiver 
and the bottles in a cittern, the places of junction being 
luted with fat lute, and fecured with rasjs foaked in the 
lute of lime and white of egg. Laftly, I furround the 
bottles with pounded ice. When the apparatus is thus 
difpofed, I introduce into the alembic half a pound of 
manganefe of Cavennes, and pour upon it, at feveral 
repetitions, three pounds of fuming muriatic acid. The 
quantity of acid which I pour at once is three ounces; and 
at each time of pouring a confiderable efFervefcenee is 
excited. I do not pour a new quantity until nothing more 
comes over into the receivers, This method of proceeding 
is indifpenfably necefTary., when the operator is deftrous 
of making his procefs with a definite quantity of the mate- 
rials. For if too large a quantity of acid be poured at 
once, it is impofliblc to reftrain the vapours ; and the 
eifervefcence will throw a portion of the manganefe into 
the receiver. The vapours which are developed by the 
affufion of muriatic acid are of a greenim yellow colour ; 
and they communicate this colour to the water when they 
combine with it. When this vapour is concentrated by 
means of the ice, and the water is faturated with it, it 
forms a fcum at the furface, which is precipitated through 
the liquid, and refembies a congealed oil. It is necefTary 
to affift the action of trie muriatic acid by means of a mode- 
rate heat applied to the (and bath. The fecure luting of 
the veffels is alfo an effential circumftance ; for the vapour 
which might efcape is fuffbeating, and would not permit 
the chemift to infpe& his operation clofely. It is eafy to 
difcovcr the place where it efcapes through the lutes, by 
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running a feather dipped in volatile alkali over them ; the 
combination of thefe vapours inftantly forms a white 
cloud, which renders the place vifiblc where the vapour 
efcapes. An excellent Memoir of Bcrthollct, published 
in the Annales Chimiques, may be confulted upon the 
oxigenated muriatic acid. 

t The fame oxigenated muriatic acid may be obtained by 
difHlling, in a limilar apparatus, ten pounds of marine 
fait, three or four pounds of manganefe, and ten pounds 
of fulphuric acid. 

Mr. Reboul has obferved that the concrete ftate of this 
acid is a cryftallization of the acid, which takes place at 
three degrees of temperature below the freezing point of 
Reaumur. The forms which have been obferved are 
thofe of a quadrangular prima truncated very obliquely, 
and terminated by a lozenge. He has likewife obferved 
hollow hexahedral pyramids on the furface of the liquor. 
To make ufe of the oxigenated acid in the arts, and in 
order to concentrate a greater quantity in a given volume 
of water, the vapour is made to pafs through a folution 
of alkali. A white precipitate is at firft formed in the 
liquor; but a fhort time afterwards the deposition dimi- 
iiiihes, and bubbles are difengaged, which are nothing 
but the carbonic acid. In this cafe two faks are formed, 
the oxigenated muriate, and the ordinary muriate. The 
mere impreiTion of light is fufheient to decompofe the for- 
ma-, and convert it into common fait, i his lixivium con- 
tains, indeed, the oxigenated acid in aftroncrer proportion. 
The execrable fmell of the acid is much weakened. It 
maybe employed for various ufes, with the fame fuccefs, 
and with great facility ; but the efted is very far from 
correfponding with the quantity of oxigenated acid which 
enters into this combination, becaufe the virtue of a great 
part is deftroyed by its union with the alkaline bahs. 

The oxigenated muriatic acid has an excefiively ftrong 
fmell. It acts directly on the larynx, which it ftirnulates, 
excites coughing, and produces violent head-aches. 

Its tafte is fharp and bitter. It fpeedily deflroys the 
colour of tincture of turnfoic. But it aopears that the 
property which mod oxigenated fubftances poffefs of 
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reddening blue colours, arifes only from the combination 
of oxigene with the colouring principles ; and that, when 
this combination is very ilrong and rapid, the colour is 
deftroyed. 

The oxigenated muriatic acid with which a folution of 
cauftic alkali is faturated, affords, by evaporation in vef- 
iels feciuded from the light, common muriate and oxige- 
nated muriate. This laft detonates upon charcoal ; is 
more foluble in hot than in cold water ; cryftallizcs, fame* 
times in hexahedral lamina?, and oftener in rhomboidil 
plates. Thefe cryilals have an argentine brilliancy, like 
mica. Its talte is faint ; and its eryftals, vrhen they are 
difTolved in the mouth, produce a ienfation of cooinefs 
rcfembling that of nitre. 

Mr. Berthollet has afcertained, by delicate experiments 
that the oxigenated muriatic acid which exifts in the oxi- 
genated muriate of pot-afh, contains more cxigene than 
an equal weight of oxigenated muriatic acid diflblved in 
water; and this has led him to confider the oxigenated 
acid combined in the muriate as being fuperoxigenatcd. 
He confiders the common muriatic 2as with relation to the 
oxigenated muriatic gas, the fame as the nitrous gas or 
fulphureous gas with refpecl to the nitric and fulphuric 
acide. He pretends that the production of the fimple 
muriate and the oxigenated muriate in the fame operation, 
may be compared to the action of the nitric acid, which 
in many cafes produces nitrate and nitrous gas. Hence 
he has coniidered the muriatic acid as a pure radical, 
which, combined with a greater or lefs quantity of oxi- 
gene, forms either fimple muriatic acid gas, or the oxige- 
nated muriatic acid gas. 

The oxigenated muriates of foda do not differ from 
thofe of pot-afh, but in being more deliquefcent and fo- 
luble in alcohol, like all the falts of this nature. 

The oxigenated muriate of pot-afh gives out its oxigene 
in the light, and by diftillation as f on as the vefiel is 
heated to rednefs. One hundred grains of this fait afford 
feventy-fivc cubic inches of oxigenous gas reduced to the 
temperature of twelve degrees of Reaumur. This air is 
purer than the others, and may be employed for delicate 
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experiments of the oxigenated muriate of pot-am, when 
cryifallized, does not trouble the folutions of nitrate of 
lead, of filver, or of mercury. 

Mr. Berthollet has fabricated gunpowder, by fiibftitu- 
ting the oxigenated muriate inltead of faltpetre. The 
effects it produced were quadruple. The experiment in 
the large way, which was made at Effone, is but too well 
known, by die death of Mr. Le Tors and Mademoifelle 
Chevraud. This powder exploded the momen'. the mix- 
ture was triturated. 

The oxio-enated muriatic acid whitens thread ?.nd cot- 

o 

ton. For this purpofe the cotton is boiled in a weak al- 
kaline lixivium ; after which the fluff is wrung out, and 
ileeped in the oxigenated acid. Care is taken to move 
the cloth occaiionally in the fluid, and to wring it out. 
It is then wafhed in a large quanty of water, to deprive it 
of the fmell with which it is impregnated. 

I have applied this known property to the whitening 
of paper and old prints : by this means they obtained 
a whitenefs which they never before poffeffed. Common 
ink difappears by the action of this acid ; but printers ink 
is not attacked by it. 

Linen and cotton cloths, and paper, may be bleached 
by the vapour of the oxigenated marine acid. I have 
made fome experiments in the large way, which have 
convinced me of the poilibility of applying this method 
to the arts. The memoir in which I have given an ac- 
count of my experiments, will be printed in the volume 
of the Academy of Paris for the year 1787. 

The oxigenated muriatic acid thickens oils ; and oxides 
metals to i'uch a degree, that this procefs may be advan- 
tageoufly ufed to form verditer. 

The oxigenated muriatic acid diffolves metals without 
effervefcence ; becaufe its oxigene is fufficient to oxide 
them without the necellity of the decompofition of water, 
and confequently of the difengagement of gas. 

This acid precipitates mercury from its folutions, and 
converts it into the ftate of corrofive fublimate. 

It converts fuiphur into fulphuric acid, and inftantly 
deprives the very black fulphuric acid of its colour. 
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en mixed with nitrous gas, it paffes to the ftate of 
muriatic acid, and converts part of the gas into nitric acid. 

When expofed to light, it affords oxigenous gas, and 
the muriatic acid is regenerated. 

The muriatic acid acls very efficacioufly upon metallic 
oxides, merely in confequence of its becoming oxigenated; 
and in this caie it forms with them falts, which are more 
or lefs oxigenated. 

ARTICLE I. 

Muriate of Pct-afh. 

This fait is dill diftinguifhed by the name of Febrifuge 
fait of Sylvius. 

It has a difagreeable ftrong bitter tafte. 

It cryftallizes in cubes, or in tetrahedral prifms. 

It decrepitates upon coals ; and when urged by a violent 
heat it fufes, and is volatilized without decompofition. 

It requires three times its weight of water, at the tem- 
perature of fixty degrees of Fahrenheit, for its folution. 

It is fubject to fcarcely any alteration in the air. 

One hundred grains o1 this fait contain 29.68 acid, 
63.47 alkali, and 6.85 water. It is frequently met with, 
but in fmall quantities, in the water of the lea, in platter, 
in the allies of tobacco, &c. The exiftence of this fait 
in the afhes of tobacco might with juflice have furprifed 
me, as I had reafon to expect the muriate of foda which 
is employed in the operation called watering. Was the 
foda metamorphofed into pot-afh by the vegetable fer- 
mentation ? This may be determined by direct experi- 
ments. 

ARTICLE II. 

Muriate of Soda. 

The received names of Marine Salt, Common Salt, 
and Culinary Salt, denote the combination ot muriatic 
acid with foda. 

This fait has a penetrating but not bitter tafte. It 
depreciates on coals, fufes, and is volatilized by the heat 
of a glafs-maker's furnace, without decompofition. 
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It is foluble in 2.5 times its weight of water, at fixty 
degrees of Fahrenheit's thermometer. 

One hundred grains of this fait contain 33.3 acid, 53 of 
alkali, and 16.7 of water. 

It cryftaliizes in cubes. Mr. Gmelin has informed us 
that the fait of the fait lakes in the environs of Seilian on 
the banks of the Cafpian fea, forms cubical and rhoin- 
boidai cryftais. 

Mr. De Lille obferves, that a folution of marine fait, 
left to infenfible evaporation during five years by Mr. 
Rouelle, had formed regular octahedral cryitals refemb- 
ling thoie of alum. 

Marine fait may be obtained in octahedrons, by pour- 
ing freih urine into a very pure folution of frefh fait. Mr. 
Berniard is convinced that this addition changed only the 
form of the fait, without altering its nature. 

Common fait is found native in many places. Cata- 
lonia, Calabria, Switzerland, Hungary, and Tyrol, pof- 
feis mines, which are more or lefs abundant. The richeft: 
fait mines are thofe of Wieliczka in Poland. Mr. Ber- 
niart has given us a defcription of them in the Journal dc 
Phyiique ; and Mr. Macquart, in his Eflays on Minera- 
logy, has added interesting details concerning the work- 
ing of thefe mines. 

Our fait fprings in Lorraine and Franche-comte, and 
{ome indications afforded by Bleton, have appeared fuffi- 
cient motives to Mr. Thouvenel to prefume that fait mines 
exift in our kingdom. This chemift expreffes himfelf in 
the folio wins: manner : 

" At the diftance of two leagues from Saverne, between 
the village of Huctcnhaufcn and that of Garbourg, in a 
lofty mountain called Penfenperch, there are two great 
refervoirs of fait water ; the one to the eaft, at the head 
of a large deep and narrow valley, which is called the 
great Limerthaal ; the other to the weft, upon the oppo- 
ilteflope, towards Garbourg. They communicate toge- 
ther by five fmail fcreams, which are detached from the 
upper refervoir, and unite in the lower one. From thefe 
two fait refervoirs flow two large ftreams; the upper 
into Franche-comte, and the lower into Lorraine, 
j c they fupply the well-known fait works." 
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The waters therefore flow to the diftance of feventy 
leagues from the refervoir. 

Salt mines appear to owe their origin to the drying up 
of vaft lakes. The {hells and madrepores found in the 
immenfe mines of Poland are proofs of marine depositions. 
There are likewife fome feas in which the fait is fo abun- 
dantj that it is depofited at the bottom of the water ; as 
appears from the analyfis of the water of the lake Afphal- 
tites, made by Meffrs. Maquer and Sage. 

This native fait is often coloured ; and as in this (late 
it podefles coniiuerable brilliancy, it is called Sal-gem. It 
almoft always contains an oxide of iron, which colours it. 

As thefe fait mines are neither fufHciently abundant to 
fupply the wants of the inhabitants of the globe, nor dif- 
tributed with that uniformity as to permit all nations to 
have ready recourfe to them, it has been found necellary 
to extract the fait from the water of the fea. The fea 
does not contain an equal quantity in all climates : lngen- 
houfz has Ibewn us that the northern feas contain lefs 
than the fouthern. Marine fait is io abundant in Egypt, 
that, according to Plaftelquiit, a frefh-water fpring is a 
treafure which is fecretly tranfmitted from father to fbn. 

The method of extracting the water of the fea varies 
according to the climates. 

1. In the northern provinces, the fait fands of the fea 
coafts are warned with the lead poffible quantity of water, 
and the fait is obtained by evaporation. — See thedefcrip- 
tionofthis procefs by Mr. Guettard. 

2. In very cold countries, fait water is concentrated by 
freezing, and the refidue is evaporated by lire. — See 
Waller ius. 

3. At the fait fprings of Lorraine and Franche-comte, 
the water is pumped up, and fullered to fall upon heaps 
of thorns, wnich divide it, and cauie a part to evaporate. 
The farther concentration is effected in boilers. 

4. In the fouthern provinces, at Peccais, at Peyrat, at 
Cette, and elfewhere, the extraction is begun by fepa- 
rating a certain quantity of water from the general mafs 
of the fea, which is furfered to remain in fquare fpaces, 
called Partenemens. For this purpofe it is neceflary to 

Cc 
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have fluices which may be opened and fhut at pleafure, 
and to form furrounding walls which prevent all communi- 
cation with the fea, except by means of thefc gates. It is 
in the partenemens that the water goes through the firft 
ftage of evaporation ; and when it begins to depofit its 
fait, it is raifed by bucket wheels to other fquare compart- 
ments, called Tables, where the evaporation finifhes. 

The fait is heaped together, to form the canuncllcs ; 
in which ftate it is left for three years, in order that the 
deliquefcent falts may flow out of it ; and, after this inter- 
val of time, it isjcarried to market. 

Exertions and enquiries have long fince been made to 
difcover a cheap method of decompoling marine fait, to 
obtain the mineral alkali at a low price, which is of fuch 
exteniive ufe in the manufactures of foap, glafs, bleaching, 
&c. The proceffes hitherto difcovcred are the following: 

1 . The nitric acid difengages the muriatic acid, and 
forms nitrate of foda, which may be eafily decompofed 
by detonation. 

2. Pot-am difplaces the foda, even in the cold, as I 
found by experiment. 

3. The fulphuric acid forms fulphate of foda by decom- 
poling the marine fait ; the new fait, when heated with 
charcoal, is deftroyed ; but a fulphure of foda, or liver of 
fulphur, is formed, which is difficult to be entirely fepa- 
rated ; and this procefs does not appear to me to be econo- 
mical. The fulphure may likewife be decompofed by 
the acetite of barytes, and the foda afterwards obtained 
by calcination of the acetite of foda. 

4. Margraff tried in vain to accomplifh this purpofe, by 
means of lime, ferpentine, iron, clay, he- He adds that 
if common fait be thrown upon lead heated to rednefs, the 
fait is decompofed, and muriate of lead is formed. 

5. Scheele has pointed out the oxides of lead for the 
decompofition of common fait. If common fait be mixed 
with litharge, and made into a pafte, the litharge gradu- 
ally lofes its colour, and becomes converted into a white 
matter from which the foda may be extracted by warning. 
It is by proceffes of this kind that Turner extracts it in 
England j but this decompofition never appeared to mc to 
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be complete, unlefs the litharge was employed in a pro- 
portion quadruple to that of the fait. I have obferved 
that almoft all bodies are capable of alkalizing marine fait, 
but that the abfolute decompotition is very difficult. 

6. Bafytes decompofes it likewife, according to the 
experiments of Bergman n. 

7. The vegetable acids; combined with lead, may 
likewife be ufed to decompoie common fait. When thefe 
fa&s are mixed, adecompofition takes place : the muriate 
of lead fails down • and the vegetable acid, united to the 
fod.i, remains in folution. The vegetable acid may be 
diihpated by evaporation and calcination : and the alkali 
remains difen gaged. 

Marine fait is more efpecially employed at our tables, 
and in culinary purpofes. It removes and corrects the infi- 
pidity of cur food, and at the fame time facilitates digef- 
tion. It is ufed in a large proportion to preferve fiefh. 
from putrefaction ; but in a fmall dole it flattens that 
procefs, according to the experiments of Pringlc, Mac- 
bride, Gardane, &c. 

ARTICLE III. 

Muriate of Ammoniac. 

Of all the combinations of ammoniac this is the moft 
interefting, and the moft generally ufed. It is known by 
the name of Sal Ammoniac. 

This fait may be directly formed by decomposing the 
muriate of lime by the means of ammoniac, as Mr. 
Baume has pracfifed at Paris. But a! moft all the fal 
ammoniac which circulates in commerce is brought to us 
from Egypt, where it is extracted by diilillation from foot, 
by the combuftion of the excrements of inch animals as 
feed on faline plants. 

The details of the procefs which is ufed have not been 
very long known. One of the nrft writers who gave a 
defcription of this operation is father Sicard. He in- 
formed us, in 17^6, that cliftiiiing veiTels were charged 
with the foot of the excrements ox oxen, to which fca 
fak and camels urine were added. 
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Mr. Lcmaire, conful at Cairo, in a letter written to the 
Academy of Sciences in 1720, affirms that neither urine 
nor fea ialt are added. 

Mr. Haffelquiit has communicated to the Academy of 
Stockholm a coniiderably exten live defcri ption of the pro- 
cefs: by which we learn that the dung of all animals which 
feed on falinc plants is inditcriminately uied, and that the 
•foot is diftilled, to obtain fal ammoniac. 

This dung is dried by applying it againit the walls: and 
it is burned inflead of wood, in inch countries as do not 
poflefs that fuel. The fublimation is performed in large 
round bottlesof one foot anda half diameter, terminating 
in a neck of two inches in height; and they are filled to 
within four inches of the neck. The fire is kept up 
during three times twenty-four hours ; the fait is fub- 
iimed to the upper part of thefe veilels, where it forms a 
mafs of the fame figure as the veifels themfelves. Twenty 
pounds of foot afford fix pounds of fal ammoniac, ac- 
cording to Rudcnikield. 

I was always of opinion that fal ammoniac might be 
extracted by treating the dung of the numerous animals 
which feed on faline plants in the plains of La Camargue 
and La Crau, in the fame manner ; and after having 
procured, with the greateit difficulty, two pounds of the 
foot, I extracted from it four ounces of* fal ammoniac. I 
rnuft obferve, to fave much trouble to thofe who may wifli 
to follow r this branch of commerce, that the dung pro- 
duced during the fummer, thefpring,ortheautumn, does 
not afford this fait. I did not know to what circumftance 
to attribute the verfatility of my remits, until I found that 
thefe animals do not eat faline vegetables, excepting at 
the time when frefh plants cannot bc'had ; and that they 
are reduced to the necefiity of having recourfe to faline 
plants only during the three winter months. This obfer- 
vation appears to me to be a proof, that marine fait is 
decompofed in the firft paffages ; and that the foda is 
modified to the ffate of ammoniac. 

Sal ammoniac is continually fublimed through the aper- 
tures of volcanic mountains. Mr. Berber found it ; and 
Mr. Sac;e admitted its exiftence among volcanic products, 
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It is found in the grottos of Puzzolo, according to Meflrs. 
Swab, Scheffer, 2cc. 

It is found in the country of the Calmucs. Model 
analyfed it. 

It is alio produced in the human body, and exhales by 
perforation in malignant, fevers. Mr. Model has pro- 
ved this fa£t in his own perfon : for at the time of a 
violent fweat which terminated a malignant fever, he 
wafhed his hands in a folution of pot-am, and obferved 
that a prodigious quantity of alkaline gas was difengaged. 

Sal ammoniac cryftaliizes by evaporation in quadran- 
gular pyramids. It is often obtained in rhombic cryftals 
by fublimation. The concave face of the loaves of fal 
ammoniac in commerce is fometimes covered with thefc 
cryftals. 

This fait has a penetrating, acrid, urinous tafte. It 
poiTciles a degree of ductility which renders it flexible, 
and caufes it to yield to a blow of the hammer. It does 
not change in the air ; which circumftance renders it 
probable that our fal ammoniac is different from that 
mentioned by Pliny and Agricola, as that attracted humi- 
dity. Three parts and a half of water diffolve one part 
offal ammoniac, at fixty degrees of Fahrenheit's thermo- 
meter : a confiderable degree of cold is produced by its 
folution. 

One hundred parts of fal ammoniac contain fifty-two 
parts acid, forty ammoniac, and eight water. 

This fait is not at all decompofed by clay ; nor by 
magnefia except with difficulty, and in part only ; but it 
is completely decompofed by lime and fixed alkalis. The 
mlphuric and nitric acids difengage its acid. 

This fait is ufed in dying, to bring out certain colours. 
It is mixed with aqua fortis, to increafe its folvent power. 

It is ufed in foldering ; in which operation it poffelfes 
the double advantage of clearing the metallic furface, and 
preventing its oxidation. 
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CHAPTER V, 

■ the Niiro-muriatic Acid. 

± HE acid which we call Nitro-niuriatic, is 
a combination of the nitric and muriatic acids. 

Our predecciibrs dillinguiihed it by the name of />i;ua 
Regia, on account ofits property of diffolying gold. 

There arc icveral known procefles for making this 
mixed acid. 

If two ounces of common fait be diftiiied with four of 
nitric acid, the acid which comes over into the receiver 
will be good nitro-muriatic acid. 

This is the procefs of Mr. Baume. 

The nitrate of pot-afh may be decomposed by diftiiiing 
two parts of muriatic acid from one of this fait : good 
aqua regia is the product of this operation ; and the refidue 
is a muriate of pot-alb, according to Mr. Cornette. 

Boerhaave affirms that he obtained a good aqua regia, 
by diftilling a mixture of two parts of nitre, three of ful- 
phateof iron or martial vitriol, and five of common fait . 

The fimple diftillation of nitre of the firft boiling affords 
aqua regia ; which is employed by the dyers in the folu- 
tion of tin, for the compofition of the fcarlet dye. This 
aqua fortis is a true aqua regia : and it is by virtue of the 
mixture of acids that it diflolves tin ; for if it confifted of 
the nitric acid in a flate of too great purity, it would cor- 
rode and oxide the metal without diflolving it. The dyers 
then fay thit the aqua fortis precipitates the tin ; and they 
correct the acid by dilfolving fal ammoniac or common 
fait in it. 

Four ounces of fal ammoniac in powder, diiTolvcd gra- 
dually, and in the cold, in one pound of nitric, form an 
excellent aqua regia. An oxigenated muriatic acid gas 
is difengaged for a long time ; which it is imprudent to 
attempt to coerce, and which ought to be fullered to 
cfcape by convenient apertures. 
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Aqua regia is likewife formed by mixing together two 
parts of pure nitric acid and one of muriatic acid. 

The very evident fmell of oxigenated muriatic acid, 
which is diiengaged in every procefs which can be adopted 
to form the acid at prefent in queftion ; and the property 
(i it pofiefTes, equally with the oxigenated muriatic 
acid, of dhTolving gold, have led certain chemifts to infer 
that, in the mixture of thefe two acids, the muriatic acid 
feized the oxigene of the nitric, and affumed the character 
of oxigenated muriatic acid : ib that the nitric acid was 
confidered .as anfwering no other purpofe than that of 
oxigenating the muriatic. But this fyftem is inconfiftent; 
and though the virtues of the muriatic acid are modified 
by this mixture, and it is oxided by the decompofition of 
a portion of the nitric acid, neverthelefs the two acids ftiil 
exift in the aqua regia : and I am convinced that the beft 
made aqua regia, faturated with pot-afh, will afford the 
ordinary muriate, the oxigenated muriate, and the nitrate. 
It appears to me that the powerful action of aqua regia, 
depends fimply on the union of the two acids ; one of 
which is exceedingly well calculated to oxide the metals, 
and the other diffolves the oxides or calces with the 
greateft avidity. 



CHAPTER VI. 



Concerning the Acid of Borax. 



\ HE acid of borax, more generally knowit 
by the name of Romberg's Sedative Salt, is almoft always 
afforded by the decompofition of the borate of foda, or 
borax. But it has been found perfectly formed in certain 
places; and we have reafon to hope that we lhall fpeedily 
acquire more accurate information reflecting its nature. 
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Mr. Hoefer, director of the Parmacies of Tufcany, 
was the firft who detected this acid fait in the waters of 
the lake Cherchiajo, near Monte-rotondo, in the infe- 
rior province of Sienna : thefe waters are very hot, 
and they afforded him three ounces of the pure acid in 
one hundred and twenty pounds of the water. This 
fame chemift having evaporated twelve thoufand two 
hundred and eighty grains of the water of the lake of 
Caftelnuovo, obtained one hundred and twenty grains. 
He prefumes, moreover, that it might be found in the 
water of feveral other lakes, fuch as thoic of Laffo, 
Monte-cerbcloni, &c. 

Mr. Sage has dcpofited in the hands of the Royal Aca- 
demy of Sciences fome acid of borax, brought from the 
mines of Tufcany by Mr. Beffon, who collected it himfelf. 
Mr. Weftrumb found fedative fait in the ftone called 
Cubic Quartz of Luneburg. He obtained it by decom- 
pofing this Itone by the acids of fulphur, nitre, &c 
The refult of his analyfis is the following : 

Sedative fait — ^ 

Calcareous earth — 

Magnefia — -'o 

Clay and filex ~^ 

Iron — 

This ftone according to the obfervations of Lafiius, 
has the form of fmall cubical cryitals, fometimes tranlpa- 
rent, in other fpecimens milky, and affords fparks with 
the fteel. 

The acid of borax is generally found combined with 
foda. It is from this combination that it is difengaged, 
and obtained either by fublimation or cryftallization. 

When it is propofed to obtain it by fublimation three 
pounds of calcined fulphate of iron, and two ounces of 
borate of foda are diflolved in three pounds of water. 
Thefolution is then filtered, and evaporated to a pellicle; 
after which the fublimation is performed in a cucurbit 
of glafs with its head. The acid of borax attaches itfelf 
to the internal furface of the head, from winch it may be 
fwept by a feather. 
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Homberg obtained it by decomposing of borax with the 
fulphuric acid. This procefs Succeeded with me wonder- 
fully well. For this purpofe I make ufe of a glafs cucur- 
bit with its head, which I place on a fand bath. 1 then 
pour upon the borax half its weight of fulphuric acid, and 
proceed to fubiimation. The iublimatcd acid is of the 
moil beautiful whitenefs. 

Stahl, and Lemery the younger, obtained the fame 
acid by making ufe of the nitric and muriatic acids. 

To extract the acid of borax by cryftaliization, the 
borax is diffolved in hot water, and an excefs of fulphuric 
acid is poured in. A fait is deposited during the cooling 
on the fide of the veffel, in the form of thin round plates, 
applied one upon the other. This fait when dry is very- 
white, very light, and of a filvery appearance. It is the 
acid of borax. 

We arc indebted to Geoffroy for this procefs. Baron 
has added two facts : the nrft, that the vegetable acids 
are equally capable of decomposing borax; and the fecond, 
that borax may be regenerated by combining the acid of 
borax with foda. 

This acid may be purified by foiution, filtration, and 
evaporation ; but it rauft be obferved, that a considerable 
part is volatilized with the water which flies off in the 
evaporation. 

The acid of borax has a faline cool tafte. It colours 
the tinfrurc of turnfole, fyrup of violets, &c. red. 

One pound of boiling water diffolved no more than 
one hundred and eighty-three grains according to Mr. 
De Morveau. 

Alcohol diifolves it more eahiy ; and the flame which 
this foiution affords is of a beautiful green. This acid, 
when expofed to the lire, is reduced to a vitriform and 
transparent fubflance, inftead of riling ; which proves, 
as Rouelle has obferved, that it is only fublimed by fa- 
vour of the water, with which it forms a very volatile 
compound. 

As moft of the known acids decompofe this acid, and 

exhibit it in the fame form, it has been thought a 

ifiable conclusion that it exifts ready formed in the 

D d 
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borax. Mr. Baume has even affirmed that he compofed 
this acid by leaving a mixture of grey clay, greafe, and 
cows dung expofed to the air in a cellar. But Mr. 
Wiegleb, after an unfuccefsful labour of three years and 
a half, thinks himfelf authorifed to give a formal nega- 
tive to the French chemift. 

Mr. Cadet has endeavoured to prove 1. That the 

acid of borax always retains a portion of the acid employ- 
ed in the operation. 2. That this fame acid has ftill the 
mineral alkali for its bails. — Mr. De Morveau has, with 
his ufual fagacity, difculTed all the proofs brought for- 
ward by Mr* Cadet ; he has (hewn that none of them are 
conclufive, and that the acid of borax is entitled to re- 
tain its place among the chemical elements. 

ARTICLE I. 

Borate of Pot-afh. 

The acid of borax combined with pot-afh forms this 
fait. It may be obtained either by the direcl: combina- 
tion of thefe two feparate principles, or by decompofing 
borax by the addition of pot-alh. 

This fait, which is yet little known, afforded Mr< 
Baume fmall cryftals. 

The acids difengage it by feizing its alkaline bafe. 

ARTICLE II. 

Borate of Soda. 

This combination forms Borax, properly fo called. 

It is brought to us from the Indies ; and its origin is 
ftill unknown*. 

The article borax may be confulted in Bomare's Dic- 
tionary of Natural Hiftory. 

* The origin of Borax is very well afcertained in two Papers, in the 
fever.ty-feventh volume of the Philofophical Tranfadlions, Numbers xxiiil 
and xxix. It is dug up in a cryflallized ftate from the bottom of cer- 
tain fait lakes in a mountainous, barren, volcanic diftricT about twenty- 
five davs journey to the eaftward of Lafft, the capital of the kingdom of 
Thibet. T, 
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It does not appear that borax was known to the anci- 
ents. The chryfocolla, of which Diofcorides fpeaks, was 
nothing but an artificial folder compoied, by the gold- 
fmiths themfelves, with the urine, of children and ruft of 
copper, which were beaten together in a mortar of the 
fame metal. 

The word Borax is found for the firft time in the works 
of Geber . Every thing which has been written fince that 
time concerning borax, is applicable to the fubftancc 
which is at prefent known to us by that name. 

Borax is found in commerce in three different ftates. — 

The firft is brute borax, tincall, or chryfocolla. It 
comes to us from Perfia, and is enveloped and foiled by 
a greafy covering. The pieces of brute borax have al- 
moft all of them the form of a fix-fided prifm, ftightly 
flattened, and terminated by a dihedral pyramid. The 
fracture of thefe cryftals is brilliant, with a greenifh caft. 
This kind of borax is very impure. It is pretended 
that borax is extracted from the Lake of Necbal, in 
the kingdom of Grand Thibet. This lake is filled with 
water during the winter, which exhales in the fummer ; 
and when the waters are low, workmen enter, who de- 
tach the cryftals from the muddy bottom, and put them 
into bafkets. 

The Weft Indies contain borax. It is to Mr. Antony 
Carera, a phyfician eftablifhed at Potofi, that we \ 
indebted for this difcovery. The mines of Riquintipa, 
and thofe in the neighbourhood of Efcapa, afford thk 
fait in abundance. The natives ufe it in the fufion of 
copper ores. 

The fecond kind of borax known in commerce comes 
from China. It is purer than the preceding, and has the 
form of fmall plates cryftallized upon one of their furfaces, 
on which the rudiments of prifms may be perceived. 
This borax is mixed with a white powder, which appears 
to be of an argillaceous nature. 

Thefe feveral kinds of borax have been purified at Ve- 
nice for a long time, and afterwards in Holland ; but 
Meffrs. Laguiller refine it at prefent in Paris : and this 
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purified borax forms the third kind which is met with in 

commerce. 

In order to purify borax, nothing more is neceffary than 
to clear it of the unctuous fubftance which foils it, 
impedes its folution. 

Crude borax added to a folution of mineral alkali, is 
more completely diflblved, and may be obtained of cons- 
iderable beauty by a firft cryftallization ; but it retains the 
alkali made ufe of: and borax, purified in this manner, 
poffefles a greater portion of alkali than in its crude ftate. 

The oily part of borax may be deftroyed by calcina- 
tion. By this treatment it becomes more foluble, and 
may in fa& be purified in this way. But the method is 
attended with a confiderable lofs, and is not fo advanta* 
creous as rniffht be imagined. 

The moft fimple method of purifying borax, confifts in 
boiling it ftrongly, and for a long time. This folution 
being filtrated, affords by evaporation cry dais rather foul, 
which may be purified by a fecond operation fimila 
the foregoing. I li.ive tried all thefe proceffes in the 
large way ; and the latter appeared to me to be the moil 
Tim pie. 

Purified borax is white, tranfparent., and has a fome- 
what greafy appearance in its fracture. 

It cryfhllizes in hexahedral prifms, terminated by 
trihedral and foinetimes hexahedral pyramids. 

It has a ftyptic taftc. 

It converts fyrup of violets to a green. 

When borax is expofed to the fire, it fwells up, the 
water of cryftallization is diflipated in the form of vapour; 
and the fait then becomes converted into a porous, li 
white, andopake mafs, commonly called Calcined Bora::. 
If the lire be more ftrongly urged, it aflumes a pally ap- 
pearance, and is at length fufed into a tranfparent glafs 
of a grccni:h yellow colour, foluble in water ; and which 
its transparency by expoiure to the air, in con fc- 
quence of a white c'Rorefcence that forms upon its fm 

This fait requires eighteen times its weight of water, 
at the temperature of fixty degrees of Fahrenheit's ther- 
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mometer, to diffolve it. Boiling: water diiiblves one fixth 
or its weigrht. 

o 

Barytes and magnefia decompofe borax. Lime-water 
precipitates the folution of this fait ; and if quick-lime be 
boiled with borax, a fait of fparing folubiiity is formed, 
which is the borate of lime. 

Borax is ufed as an excellent flux in docimaftic opera- 
tions. It enters into the compoiition of reducing fluxes, 
and is of the greateft ufe in analyfes by the blow-pipe. It 
may be applied with advantage in glafs manufactories; for 
when the fufion turns out bad, afmall quantity of borax 
re-eftablilhes it. It is more efbeciallv ufed in folderino;. It 
affifts the fufion of the folder, caufes it to flow, and keeps 
the furface of the metals in a foft or clean ftate, which 
facilitates the operation. It is fcarcely of any ufe in me- 
dicine. Sedative fait alone is ufed by fome phyficians ; 
and its name fufHciently indicates its application. 

Boraxhas the inconvenience of fwelling up, and requires 
the great ell attention on the part of the artift who ufes it 
in deiicate works, more efpecially when defigns are form- 
ed with uoid of different colours. It has been Ions: a 
defideratum to fubftitute fome compoiition in the room 
of borax, which might poffefs its advantages without its 
defects. 

Mr. Georgi has publifhed the following procefs : — 
" Natron mixed with murine fait and Glauber's fait, is 
to be diffolved in lime-water ; and the cryflals which fe- 
parate by the cooling of the fluid may be fet apart. The 
lixivium of natron is then to be evaporated ; and this fait 
afterwards diffolved in milk. The evaporation affords 
fcarcely one-eighth of the natron employed, and the rc- 
iiuiie may be applied to the fame ufes as borax/' 

Meffrs. Struve and Exchaquet have proved that the 
phofphate of pot-afh, fufed with a certain quantity of ful- 
phate of lime, forms an excellent giafs for foldering metak . 
— See the Journal de Phyiique 9 t. xxix. p. 78, 79. 
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ARTICLE III. 

Borate of Ammoniac. 

This fait is ftill little known. We are indebted to Mr. 
De Fourcroy for the following indications : — He diffolved 
the acid of borax in ammoniac, and obtained by evapora- 
tion a bed or plate of cryftals connected together, whofe 
furface exhibited polyhedral pyramids. This fait has a 
penetrating and urinous tafte ; it renders the fyrup of 
violets green ; gradually lofes its cryftalline form, and 
becomes of a brown colour, by the contact of air. It 
appears to be of confiderable folubility in water. Lime 
difengages the volatile alkali. 



PART THE SECOND. 



CONCERNING LITHOLOGY; OR AN ACCOUNT OF STONY 
SUBSTANCES. 



INTRODUCTION. 



1 HE object of Lithology confifts in the fhidy 
of ftones and earths. 

It is generally agreed to call thofe fubftances by the 
name of Earth or Stone, which are dry, brittle, inodo- 
rous, infipid, icareely or not at all foluble in water, and 
of a fpecinc gravity not exceeding 4,5. 

There is no one who has ferioufly attended to the ftudy 
of lithology, without being at the fame time aware of the 
neceffityof eftablifhing divisions to facilitate theknowledge 
of ftones, and to remove the numberlefs difficulties which 
would otherwife oppofe the acquifition of that knowledge. 

It is an obvious difference between living creatures and 
the fubjecls of the mineral kingdom, that thefe laft are 
continually modified by external caufes, fuch as air, 
water, fire, &c. while the former, being animated and 
governed by an internal force, poflefs characters of a 
more definite and unchangeable nature. The forms of 
thefe depend upon their organization; and, in general, 
the proceedings of nature refpe&ing them are more con- 
usant, and better afcertained. 

The earthy element appears to be paflive of itfelf ; it is 
obedient only to the laws of inanimate bodies ; and we 
mayreferallthephenomena of formation or decompoiition, 
which a ftone is fufceptible of, to the mere law of affinities. 



1 66 On the Clarification 

This no doubt, is the caufe of that variety of forms, 
and that mixture of princ \ hich fcarcety permit the 

naturalift to eftablilh his fyflem upon G S or to 

found it upon conftant and invariable characters. 

If we take a view of the proceedings of all the natu- 
raliits who have hitherto written, we may eafily reduce 
them to three dalles. 

i. The firft clais, carried by the imagination alone to 
that epocha when this globe iifued from the hands of the 
Creator, have followed the actions of the various destruc- 
tive agents which alter or overturn its furface. In this 
way they have (hewn us the various rocks fu< 
depofited or placed upon the primitive globe ; and, by 
furveying the great phenomena which have happened 
upon our planet, they have acquired ideas mor 
accurate refpefting the vail works of decompofiti and 
formation. 

2. Others have bulled themfelves in enquiring, by 
analyfis, what are the earths or primitive matters out of 
which all the Hones we are acquainted wiih are compefed. 
'I his clafs of philofophers have fupplied us with the moft 
valuable acquifitions respecting the nature, the ufes, and 
the decompositions of thefe fubilances : but the remits of 
analyjiss though neceffary in acquiring accurate notions 
of each itone, are not of themfelves fullicient to form the 
bans of a method of claffmg ; becaufe thefc characters 
are too difficult robe acquired, and at moft can be ufed 
only as fupplementary in the eilablimmcnt of fuch other 
methods as maybe employed. 

3. Almoit all the fyliems of clafllfication hitherto a- 
dopted, are founded upon the external characters of ear- 
thy iubftances. 

Some naturalifts have fought, in the variety of forms 
exhibited by the productions of the mineral kingdom, 
fuch principles of divifion as to them appeared fuflkient. 
But not to mention that the fame form frequently obtains 
in very different ftones, this character is rarely found, and 
we are ignorant of the cryftallization of moft of the known 
earths : the cryftallization cannot therefore be conlidcrcd 
but as an acceifary or fecondary circumftancc. 
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Other naturalifts have eftablifhed their divifions upon 
certain properties eafy to be afcertained, fuch as that of 
effervefcing with acids, giving fire with the fteel, &c. 
But thefe characters do not appear to be fufficiently ftri&, 
nor fufficiently exclufive ; for nothing is more common 
than to find a mixture of the fragments of primitive rocks 
with thofe of calcareous ftones. Our province exhibits 
examples of this every itep we take; and thefe mixtures, 
hardened by time, poffefs both the fore-mentioned cha- 
racters. There are alfo ftones which, without changing 
their nature, give fire with the fteel, or cffervefce with 
acids, accordingly as they are more or lefs divided. 
Such is the lapis lazuli, which effervefces when pulveri- 
zed, but ftrikes fire when in the mafs ; the date like wife 
effervefces when in powder, but not in the mafs. 'J lie 
clarification, therefore, which is founded on thefe cha- 
racters, is not rigorous, and may at the moftbemade ufe 
of in conjunction with others. 

M. D'Aubentonis the naturalifl: who appears to me to 
have diftributed mineral fubftances with the greateit 
order of any who has hitherto undertaken that talk; every 
thing which he fays on this fubject fhews the experienced 
eye of the obferver ; and he has drawn from the external 
characters of bodies all the characters poffible to be had 
from that fource. But he could not avoid the defects 
which neceflarily accompany the principles on which he 
has founded his fyfrem. 

Deeply impreffed with a fenfe of the infufficiency of 
thefe methods, as well as of the flight opportunities I 
have poffeffed of improving them, my endeavours have 
been exerted in collecting together all the characters which 
are capable of affording any ufeful indications. In this 
purfuit, I have joined the characters of the naturalift to 
thofe of the chemift ; and though the method which I 
have adopted be very far from that degree of perfection 
which might be defired, I neverthelcfs prefent it to the 
public with caniidence. It differs but little from that 
followed by Meffrs. Bergmann and Kirwan ; a circum- 
ftance which at leaft affords a prejudice in its favour. 
The peculiar advantages which, in my opinion, it appears 

E e 
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to pofTefs, are — i. The lithologic productions arc diihi- 
buted equally, and into three dalles. 2. All the analo- 
gous productions are brought together, and arranged as it 
were in a natural order, in a word, this fyftetn has fixed 
rhy own ideas in the mdfl precife manner ; and this has 
more particularly induced me to propofe it to the public-. 

The various earths beneath our feet are, in general, 
cambinations ; and chemifts, by decompoiing thcie fub- 
ftances, have fucceeded in obtaining, in the hit. analyfo, 
principles which may be confidered as earthy elements, 
until fubfequent acquifkions (hall either confirm or de- 
ftxoy our ideas on this fubjecr.. 

The earthy elements moll extenfivcly diflributcd are 
five in number ; namely, Lime, Magnefia, Barytes, 
Alumine and Silex. 



* I confider what is here pubiifhed reflecting Lithology as a fimple 
and ftiort fketeh of the principles which 1 explain in my Lectures. 
Jt would be judging me with too much feverity, if the reader were to 
fuppofe that my prefent defign is to exhibit a complete performance. 

A more intimate acquaintance with this fubject may be obtained by 
the perufal of the following works : 

I.Effai d'un Art de Fufion a l'Aide de l'Air Vital, par Erhmann. 
Memoires de M. Lavoifier fur le meme fujet. — Memoires de M. D'Arcc-t, 
fur l'Adion d'un Feu 6gal, violent, et continu, fur un grand nombre ue 
Terres, Pierres, &c. 

2. The works of Margraff and Pott, more efpecially the Lithopeof- 
nefie of the latter. 

3. Les Pefanteurs Specifiques des Corps, per M. BriiTon. 

4. Elements of Mineralogy, by Mr. Kirwah. 

5. Le Manuel due Mineralogiite de Bergmann, enrkhi de Notes par 
M, l'abbe Mongez. 

6. La Mineralogie de M. Sage. 

7. Les Ouvrages fur la Gryflallographie de M. dc llome de Lifle, 
de M. l'abb-i Hauy, &c. 

8. La Tableau Methodiqiie des Mineraux, par M. D'Aubenton. 

( 9. La Mineralogie de M. Je Comte de BurFon ; iu which that cele- 
brated writer has collected a great number of valuable fads, whole merit 
is independent of all theory, 

10. The Mineralogical Works of Metfrs. Jar?, Dietrich, de Eorn, 
Ferber, Trebra, Pallas, Cmeiin, Linne, Dolomieu de Saufl'ure de h 
Peyroufe, &c. 

11. The excellent Analyfes of Stones, pubiifhed from time to time 
by Pott, MargrafT, Bayen 5 Bergmann, Gerard, Scheele, Achard, 
Mongez, &c. 
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We (hall not treat of the other primitive earths announ- 
ced by Mr. Klaproth, in the adamantine fpar, and in the 
jargon of Ceylon, becaufe they are yet too flightly known 
and too fcarcc, to have any influence upon our prefent 
divifion. 

Nature appears to have formed all the mixtures and 
combinations which conftitute ftones, out of the primi- 
tive earths here fpoken of. 

If we direct our attention to the nature of thefe mix- 
tures and combinations, we mall diftinguifh three habi- 
tudes, or modes, which eftablifh three grand divifions. 
We fljall immediately perceive that thefe earths are, ^ in 
lome inftances, combined with acids, which form faline 
{tones ; that in other inftances they are mixed with each 
other, and form {tones property fo called ; and that in 
other inftances, again, thefe ftones, fo formed by the 
mixture of primitive earths, are united together, or fixed 
in a gluten or cement, which forms rqeks, pebbles, or 
compound ftones. 

We (hall therefore diftinguifh three claffes inLithology: 
the firft will comprehend faline ftones; the fecond ftones, 
properly fo called, or earthy mixtures ; and the third 
rocks, or ftony admixtures. 

We confider it as indifpenfably neceflary to explain the 
nature of the primitive earths, before we can proceed to 
treat of their combinations. 

I. Lime. 

This earth has been found totally difengaged from all 
combination, near Bath.— -See Falconer on the Bath Wa- 
ters, vol. i. p. 156 and 157. But as this is perhaps the 
only obfervation of the kind which we poflefs, it is in- 
difpenfably neceflary to fhew the procefs by which lime 
jnay be obtained in a ftate of the greateft purity.^ 

For this purpofe chalk is to be wafhed in boihng dif- 
tilled water, then diftolved in diftilled acetous add, and 
nrccipitated by the carbonate of ammoniac, or mild vola- 
tile alkali. The precipitate, being wafhed and calcined, 
is pure lime. t 

This earth poffeffes the following characters : 
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1. It is foluble in fix hundred and eighty times its 
weight of water, at the temperature of fixty degrees of 
Fahrenheit. Kirwan. 

2. It has a penetrating, acrid, and burning taftc. 

3. Its fpeciiic gravity is about 2,3 according to Kir- 
wan, and 2,720 according to Bergmann. 

4. It feizes water with great avidity; at the fame time 
that it falls into powder, increafes in bulk, and emits heat. 

5. .Acids diflblvedit without effervefcence, but with the 
production of heat. 

6. The borate of foda, or borax, the oxides of lead, 
and the phofphates of urine, diifolve it by the blow-pipe 
without effervefcence. 

It appears to be infufible alone, as it has refilled the 
heat of flame urged by a ffream of vital air. — Sec the 
Memoir of Mr. Lavoifier. 

When it is mixed with acids, it forms a fufible combi- 
nation ; and it haftens the fufion of aluminous, filiceous, 
and magnefian earths, according to the experiments of 
Meffrs. Darcet and Bergmann. 

II. Barytes, or Fondrous Eirth. 

We are indebted to the celebrated chemifts Gahn, 
Scheele, and Bergmann for our knowledge of this earth. 

It has not yet been found exempted from all combina- 
tion ; but in order to obtain it in a fuitable degree of 
purity, the following procefs may be ufed : 

The fulphate of barytes, or ponderous fpar, which is 
the moft ufuil combination met with on the earth, is to 
be pulverifed, and calcined in a crucible, with an eighth 
part of powder of charcoal : the crucible muft be kept 
ignited during an hour ; after which the calcined matter 
is to be thrown into water : it communicates a yellow 
colour to this fluid, at the fame time that a ftrong 
fmell of heptic gas is emitted ; the water is then to be 
filtered, and muriatic acid poured in: a confiderable pre- 
cipitate falls down, which muft be feparated from the 
fluid by filtration. The water which paffes through the 
filter holds the muriate of barytes, or marine {ah of pon- 
derous earth, in folution. The carbonate of pot-afh, or 
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miid vegetable alkali, in folution, being then added, the 
ponderous earth falls down, in combination with the car- 
bonic acid ; and this laft principle may be driven off by- 
calcination. 

1 . Pure barytes is of a pulverulent form, and extremely 
white. 

6. It is foluble in about nine hundred times its weight 
of diililled water, at the temperature of fixty degrees, 
according to Kirwan. 

3. The Prufliate of pot-am, or Prufiian alkali, preci- 
pitates it from its combination with the nitric and muria- 
tic acids. This habitude diftinguifhes it from other 
earths. — See Kirwan. 

4. It precipitates alkalis from their combinations with 
acids. 

5. Barytes expofed, by Mr. Lavoifier, to flame fed with 
oxigenous gas, was fufed in a few feconds : it extended 
itfelf upon the furface of the coal ; after which it began 
to burn and detonate until the whole was nearly diilipated. 
This kind of inflammation is a chara&er common to me- 
tallic fubftances ; but when the barytes is pure it is per- 
fe&ly infufible. — See Lavoifier. 

Ponderous earth urged by the blow-pipe makes little 
eflervefcence with foda, but is perceptibly diminifhed : it 
diffolves in the borate of foda with effervefcence, and ftill 
more with the phofphates of urine — See the abbe 
Mongez, Manuel du Mineralogifte. 

6. Its fpecific gravity exceeds 4,000, according to 
Kirwan. 

III. Magnefia, or Magnefian Earth. 

This earth has been no where found difengaged from 
all foreign fubftances ; but in order to obtain it in the 
utrnoft pofiible ftate of purity, the cryftals of thefulphate 
of magnefia, or Epfom fait, are to be diffolved in diftilled 
water, and decompofed by the carbonate of alkali. The 
precipitate rnuft then be calcined, to difengage the carbo- 
nic acid. 

1. Pure magnefia is very white, very friable, and, as 
it were, fpongy. 
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'i . Its fpecific gravity is about 2,33, according to kirwan. 

3. It is not perceptibly foluble in water when pure ; 
but when it is combined with the carbonic acid, it is folu- 
ble ; and cold water has a ftronger action on it than hot, 
according to the experiments or' Mr. Butini. 

4. It has no perceptible action on the tongue. 

£*. It flight ly converts the tin&ure of turnfolc to green. 

6. Mr. Darfet has obferved, that a ftrong heat 
agglutinates it more or lei's ; but MeiTrs. De Morveau, 
Butini, and Kirwan, found that it was not fulible ; and 
the experiments of Mr. Lavoifier have proved that it is 
as infuiibie as barytcs and lime. 

The borate of foda, and the phofphates of urine, dif- 
foive it with effervefcence. — See the abbe Mongez. 

IV. /Mumine, or Pure Clay. 

This earth is not more exempt from mixture and com- 
Miration than the foregoing ; and in order to obtain 
it in a ftate of purity, the fulphale of aluminc is dilTolved 
in water, and decompofed by effervefcent alkalis. 

1. Pure clay feizes water with avidity, and may then 
be kneaded. It adheres itrongly to the tongue. 

2. Its fpecific gravity does not exceed 2,000, accor- 
ding to Kirwan. 

3. When expofed to heat, it dries, contracts, {brinks, 
and becomes full of clefts. A confiderable degree of 
hear renders it €0 hard that it gives fire with the Iteel. 

When it has been well baked, it is no longer capable 
of uniting with water ; but requires to be diilolvcd in an 
acid, and precipitated, in order that it may refume this 
property. 

The experiments of Mr. Lavoifier mew that pure 
alumine is capable of an imperfect fufion, approaching 
to the confidence of pafte, by heat excited by a current 
of vital air It is then transformed into a kind of very 
hard (lone, which cuts glafs like the precious Hones, and 
which very difficultly yields to the file. 

The mixture of, chalk fingularly aflifts the fufion of 
tUis earth : it is fulible in a crucible of chalk, according 
to Mr. Gerhard, but not in a crucible of clay. 
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The borate of foda, and the phofphatcs of lime, dil- 
folve it. — SeeKirwan and the abbe Mongez. 

According to the experiments of Mr. Dorthes, the 
pureft native clays, and even that which is precipitated 
from alum, contain a fmall quantity of iron in the flare 
of oxide ; and it is from this principle that the earthy 
fmell which is emitted by moiftened clays, arifes : it is 
very difficult to deprive them of it. 

V. Silex,or Quartzoie Earth, Vitrifiable Earth, &c. 

This earth exifts nearly in a ftate of purity in rock 
cryftal. But when it is required to be had in a ihte of 
purity free from all fufpicion, one part of fine rock 
cryftal may be fufed with four of pure alkali. The 
fufed mafs muft then be difiblved in water, and precipi- 
tated by an excefs of acid. 

1. Pure filex poilefTes a lingular degree of rough ne is 
and afperity to the touch. It is abfolutely void of all 
difpofkion to adhere ; and its particles, when agitated 
in water, fall down with extreme facility. 

2. Its fpecifrc gravity is 2,65. 

3. Bergmann had affirmed that water might diiTolve 
it ; and Mr. Kirwan has pretended that 10,000 parts of 
water might hold one of filex in folution, at the ordinary 
temperature of the atmofphere ; and might even take up 
a greater quantity at a higher temperature. 

The fluoric acid diifolves it ; and lets it fail when it 
comes in contact with water, or when it is confiderably 
cooled. 

5. Alkalis diiTolve it in the dry way, and form glafs ; 
but they attack it likewife in humid way, and are capable 
of diflolving one-fixth part of their weight when it is in 
a (late of extreme divifion. 

6. The burning; mirror does not fufe it ; but a cur- 
rent of vital air produced a commencement of fufion on 
its furface. — See Lavoiiier. 

Before the blow-pipe foda diiTolves it with effer- 
vefceUcc. The borate of foda diiTolve? it (lowly, and 
without ebullition . 
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CLASS I. 
Concerning the Combination of Earths with AciJs. 

This clafs, which comprehends the combination of 
primitive earths with acids, naturally exhibits five genera. 

GENUS I. 
Earthy Salts with Bafis of Lime. 

The combination of lime with various acids affords the 
feveral fpecies of calcareous falts comprehended in this 
genus. 

SPECIES I. 
Carbonate of Lime, or Calcareous Stone. 

The combination of lime with the carbonic acid is 
very commonly met with, and comprehends all the flones 
which have hitherto been diftinguifhed under the names 
of limc-ftone, calcareous flone, &c. 

The characters of the carbonates of lime are. — i . They 
effervefce with certain acids. 2. They are converted 
into lime by calcination. 

The formation of thefe flones appears to us to be 
for the mod" part, owing to the wearing down of fhells. 
The identity of the conilituent principles of fhells and 
calcareous flones, and the pretence of thefe fame fhells, 
more or lefs altered, in the lime-ftone mountains, autho- 
rize us to conclude that a great part at leaft of the calca- 
reous mafs of our globe owes its origin to this caufe only. 

Though our imagination appears to alien t with diJli- 
culty in referring effects of fo wonderfully extenfive a 
nature to a caufe apparently fo weak, v/e arc compelled 
to admit it when we take a flight view of the known 
hiltory of fhells. 

In fact, we obferve the numerous clafs of fhell animals 
which poffefs this (tony covering almofl at the inflant of 
their origin. We fee it infenfibly become thick and 
enlarged by the apportion of new coverings \ and this 
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ihell at length comes to occupy a volume fifty or fixty 
times larger than that of the animal which produced it. 
Let us coniider the prodigious number of animals which 
emit this ftpny tranfudation • let us attend to their fpeedy 
augmentation, their multiplication, and the fhort period 
of their life, the mcari term of which is about ten years, 
according to t he calculation* of the celebrated Buffon ; 
let us multiply the number of thefe animals by the ma(s 
of fneli they leave behind them — and we mail then arrive 
at the mafs which the fhells of one flngle generation ought 
to form upon this globe. If we proceed further to cort- 
fider how many generations are extinct, and how many 
fpecies are loft, wc {hall be no longer furprifed to find 
that a confiderable part of the furface of the globe is cov- 
ered with their remains. 

It may eafily be conceived that thefe fhells when car- 
ried along by currents of water, mud ftrike together, 
and wear their refpective furfaces ; and that their pul- 
verulent remains, after being long carried about and fuf- 
pended by the waters, muft at laft fubfide, and form heaps 
or banks of fhells, more or lefs altered according to cir- 
cumftances. 

But whatever may be admitted as the origin of this 
ftone, it is found to exift in two principal ftates ; that is 
to fay, either in the form of cryftals, or of irregular 
maffes, 

L Cryftallized Calcareods Stones. 

A concurrence of circumftances which veryfeldom meet 
together, is required, in order that cryftallization may 
take place. This is, doubtlefs, the reafon why fpars and 
calcareous cryftals compofe the fmalleft part of this genus. 
Thefe cryftals arc found ia the cavities of calcareous 
mountains ; in the clefts vvhich penetrate into the internal 
part of ftones of this clafs ; and generally in all places 
where waters find accefs, after having worn down calca- 
reous ftone to aftate of extreme attenuation, nearly cor- 
refpondent to folution. 

Calcareous ftone, in its cryftalhzed ftate, prefents Us 
with feveral varieties of form ; but the rhomboidal figure 

Ff 
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appears to be the moil conftant and the mod general. 
The environs of Alais abound with rhomboidal fpars or 
the greateft beauty ; they are tranfparent like thole or 
Iceland, and double objects in the fame manner. 

It often happens that a group of rhomboidal cryftals 
exhibits at its furface a number of pyramids more or 
lefs prominent, which confift of the angles of rhomboids 
of different degrees of length. It cannot but be admitted, 
with Mr. Rome de Lille, that the pyramidal form is a 
flight modification of the rhomboid ; for if a pyramid of 
fpar be broken, it is reduced into elements of a rhomboi- 
dal figure. 

The principal varieties of the pyramidal form are de- 
duced more efpecially from the number of their fides ; and 
when the pyramid is long and fharp, it is called dog-tooth 
fpar, or hog-tooth fpar. 

Calcareous flones often affect the prifmatic form ; and 
this is likewife attended with fome varieties. 

The prifm is frequently fix-fided and truncated ; fome- 
times it is terminated by a trihedral pyramid ; and when 
the prifm is very fhort, and its fummit is almoft entirely 
in contact with the ground, the cryflal is known by the 
name of Lenticular Spar. 

All the varieties of form which cryflallized calcareous 
flones have hitherto prefented, may be feen in the Cryf- 
tallography of Mr. Rome de Lifle. 

The fpecific gravity of calcareous fpars is about 2.70c 
when pure, according to Kirwan. 

They contain from thirty-four to thirty-fix parts of 
Carbonic acid, and from fifty-three to fifty-five of earth ; 
the reft is water. — See Kirwan. 

Spars often exhibit a fmooth uniform furface, upon 
which the fulphuric acid takes but flight hold : they are 
fometimes contaminated with iron, which gives them 
various tinges. 

II. Calcareous Stcaes which arc not cryflallized. 

Few Calcareous flones affect any regular form : they 
lie almoft always in ftrata, or immenfe blocks thrown or 
heaped together on the furface of the globe, in which we 
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cannot reasonably pretend to difcern any primitive defign 
of cryltallization. The notion itfelf which we have of the 
formation of thefe mountains, and theftratified difpofition 
of their parts, does not. allow us to difcern any other ef- 
fect than the natural confequence of the flowing of water, 
which muft have occahoned a contraction, and diipofed 
the rocks in ftrata or beds. 

It feems to me that two very natural divifions may be 
eftablifhed among calcareous (tones which are not cryftal- 
lized : for they are either fufceptible of a perfect polifli, 
in which cafe they are called marbles and alabafters ; or 
they are not iufceptible of this polifli, in which cafe they 
are called friable earths, tufa, &c. 

A. Calcareous ftones Iufceptible of a perfect polifh. 

Althoughitbe proved from the experiments of chemifls, 
and more efpecially from thofe of Mr. Bayen, that mar- 
bles contain a greater or lefs proportion of clay, we are 
under the neceffity of placing them here ; becaufe the 
calcareous earth predominates to mch a degree, that they 
cannot with propriety be placed eifewhere ; and becaufe 
they poflefs all the characters of lime-ftcne. 

Marbles differ from other calcareous ftones by the po- 
lifh of which they are fufceptible; and they are diftin- 
guifhed from each other by their colours. 

White marble is ufually the pureft. We are acquaint- 
ed with the marble of Carrara, and the ancient ftatuary 
marble of Paros. 

Black marble is coloured either by bitumen or by 
iron. Mr. Baycn found this metal in the proportion of 
five parts in the hundred. When it is veined by pyrites, 
it is called Portor. 

There are an infinite number of varie'.ies of coloured 
marble. The colouring part is in general owing to the 
alterations of the iron, which fometimes is obedient to 
the magnet, according to an obfervation of Mr. De Lifle. 
Blue and green marbles owe their colours to a mixture 
of fchorle, according to Rinmann in his Hiftory of 
Iron. 

The marble which prefents the figure of fhells appears 
to be formed (imply out of a heap of fhells connected by 
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a calcareous cement ; it is known by the name of Luma- 
chello. That of Bleyberg in Carinthia forms one of the 
moft beautiful fpecies. 

The marble which is called figured marble, exhibits 
cither traces of vegetables, as that of Hefle ; or ruins and 
rocks, like that of Florence. The dendrites appear to 
be formed merely by ferruginous infiltrations through the 
cracks of thefe ftones. 

Several naturalifts have mentioned flexible marble 
Father Jacquier defcribed this in 1764, in the Gazette 
Litteraire ; and the abbe De Sauvages has communicated 
to the Academy of Montpellier a defcription of the plates 
of flexible marble which are in the Palais Burgeois. 

Alabafters are calcareous ftones of the nature of marble : 
they appear to be formed like the italactites, and are 
ibmetimes adorned with the moil beautiful colours : thefe 
in general pofTefs a certain tranfparency, with a ftrati- 
form texture varioufly coloured, and caufe a double re- 
fraction of the light when they are fufiiciently tranfparcnt, 
In the treatife of Mr. Brillon on the fpecific gravities of 
bodies, the reader will find the refult of his valuable ex- 
periments on that of marbles, alabafters, and generally 
all the calcareous ftones. 

B. Calcareous Hone not fufceptible of a perfect polifh. 

Calcareous ftones which are not fufceptible of a perfect 
polifh, are found either in mjiles, or in the pulverulent 
form ; which circumftance will afford a foundation for 
our natural diftin&ion. 

1. Solid calcareous ftone is in general the ftone ufed 
for building ; and this is found in feveral varieties, differ- 
ing in finenefs of grain, porofity, colour, confiftence, or 
weight : Thele are gradations which eftablifh the feveral 
qualities of ftones ; and are the caufe why one hardens 
in the air, while another is decompofed. On thefe feve- 
ral accounts it is that the refpective varieties are applied 
to various ufes ; and it is the bufinefs of the fkilful artift 
who ufes them to diftinguifh their qualities. 

In the number' of thefe ftones ufed for building, there 
are fome which imbibe and retain water, in confequence 
*:f which they arc but ft or crumbled by the froft ; whereas 
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others fuffer the water which they originally contained to 
elcape and become harder by the contact of the air. 

2. Calcareous ftone is fometimes found in the pulve- 
rulent form. Chalk is of this kind ; and when it is white, 
and very finely divided, it is formed into thofe mafles 
known, in commerce by the name of Spanifli White. 
For diis purpofe it is agitated in a veffel with water. The 
foreign fubftances, 'fuch as flints, pyrites, kc. are preci- 
pitated; the water is then decanted; and the chalk* 
which is held fufpended, very foon fubfides : this is dried, 
and divided into Ions: fquare pieces, to form the Spanifli 

white. ? ;> -.. f ■ ■• ? i 

When a natural ftream of water wears away this chalk, 
and afterwards depouts it, the refult has been diftinguifhed 
by the name of Gurrh ; and when this pofleifes a certain 
confiftence, arifing from the mixture of argillaceous and 
magnefian earths, it is diftinguifhed by the name of Aga- 
ric Mineral. 

As calcareous earth is fufceptible of extreme divifion, 
the water which wears it away, and is afterwards filtered 
through the clefts in rocks, depofites it gradually, and 
forms thofe incruftations known by the vulgar under the 
name of Petrifactions, and by tha't of Stalactites among 
naturalifts. 

Thefe calcareous depofitions very frequently preferve 
the form of fuch fubftances as they have covered, and 
prefent figures of mofs, roots, fruit &c. which has given 
rife to an opinion that thofe fubftances were transformed 
into ftone. 

_ The increafe of ftalacfites, being accomplifhed by addi- 
tion to their external furfaces, their texture exhibits con- 
centric coats of different fhades, accordingly as the water 
mayhavc been charged with different colouringprinciples. 

The cavities which are frequently found in calcareous 
mountains are often lined with ftalaclites ; and thefe 
grottos form one of the moil linking appearances which 
can prefent itfelf to the eyes of the naturalift. 

The grandeur of thefe fubterraneous places, the abfence 
of light, the feeble glimmering of a torch, which only 
half enlightens the furrounding objects, render thefe 
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regions gloomy, majeftic, and impofmg. The multipli- 
city of figures, the variety of' forms, and their reiem- 
blance to other objects, never fail to caufe a high degree 
of aftonifhment in the mind of the mineralocfical fludent. 
Among the infinite number of thefe forms, there are fome 
which are very agreeable, fuch as the flos ferri, cauliflow- 
ers, lace, or fringes. Other very Angular figures arc 
likewife found, fuch as the priapolithes, pifulithes, 
polithes, &c. 

Mr. Lougeon of Ganges has obferved, in the grotto 
called Des Demoifellcs, a number of forms fo varied and 
itrange, as to exhibit a very aftonifhing collection. 

Thefe tranfudations, or rather thefe flony depofitions, 
have given rife to a belief in the vegetation of ftones. 
The celebrated Tournefort was of opinion that he had 
obferved nature in the very fact, in the famous grotto of 
Antiparos, where he faw inferiptions engraved in the 
ilone, but afterwards converted into reliefs. Baglivi has 
written a treatife on the vegetation of ftones, in which he 
cites many facts of this nature. 

All the world is acquainted with the depofitions of the 
fpringin the vicinity of Clermont; but the moftfurprifmg 
of all petrifying waters is that of Guancavelica in Peru, 
Barba, D. Ulloa and Frezier, have given us a defcrip- 
lion of it. Feuille informs us that this water rifes very 
hot in the middle of a fquarc bafon, and becomes petre- 
iied at a fmall diftance from the fpring. The water is of 
a, yeilowifli white, and the incruftations have been ufed 
to build the houfes of Guancavelica. The workmen fill 
moulds with its water, and fome days afterwards they find 
them incruitcd with this ftonc. The ftatuaries expofe 
their moulds in this fpring, and have only to give the 
polifh in order to render their flatues tranfparent. All 
the flatues ufed in religious ceremonies, by the catholics 
of Lima, are of this fubflance, and are very beautiful. — 
Journal des Obferv. torn. i. 434. 

In the year T 760, Mr. Vcgni devifed a method of 
making a Similar ufe of the very white chalk which is con- 
tained in the waters of the baths of St. Philip in Tufcany. 
For this purpofe the water is fuffered to run for the fpace 
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of near a mile, in order that it may depofit the fulphur, 
the felenite, and the tufa which it contains ; and in this 
purified ftate it is ufed in the fabrication of has reliefs. It 
is introduced at the roof of a building, into aclofct con- 
ftructed of planks fitted together. The water falls from 
twelve to fifteen feet in height, upon a wooden crofs pla- 
ced on a poft ; by which fall it is divided, and dames 
laterally again ft fulphur moulds, which are placed on the 
fides of the cabinet. In this way it depolits the particles 
of the earth which it contained, and the mould becomes 
filled. Mr. Vigni placed the moulds upon pieces of wood 
which are moved circularly. This alabafier is as hard as 
marble ; and the incruftation is more beautiful, and har- 
der, in proportion as the pofition of the mould is more 
vertical, and its diftance greater. 

The Analyfis and Ufes cf Calcareous Stone. 

In 1755, Dr. Black proved that calcareous (lone pof- 
feffes, as one of its component parts, an air different from 
atmofpheric air. He afTerted that calcareous flone when 
deprived of this air by calcination, forms lime ; and that 
lime might again pafs to the ftate of calcareous flone by 
refuming the principle it had been deprived of. In 1 764, 
Macbrfde fupported this doctrine by new facts . Jacquin 
added other experiments to thefe ; and proved that lime 
and alkalis owe their caufticity to the fubtraction of this 
fixed air, at the fame time that he pointed out feveral me- 
thods of depriving them of it. 

The proceffes which are moft commonly ufed for the 
decompofition of lime-ftone, are fire and acids ; the firft 
is ufed in the making of lime ; the fecond in laboratories, 
when it is intended to procure the carbonic acid. 

In order to form lime, the calcareous ftone is calcined 
in furnaces, whofe conftruction is varied according to the 
nature of the combuftibles made ui r e of. 

When pit-coal is ufed, an inverted cone is conftrucled 
of verifiable ftone, which is filled by alternate ftrata of 
coal and lime-ftone ; and the lime is taken out, after the 
operation, by an aperture at the top. In proportion as 
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the ma(s fubiides, care is taken to fupply the furnace a£ 
the top, in order that the flame and heat may not be loll. 

Bergmann has obferved that moll fpecimens or calcare- 
ous ftone which become black or brown by calcination, 
contain manganefe, and that the lime which they pro- 
duce is excellent. 

According to Rinmann, the white calcareous ftones 
which become black by calcination, contain about one 
tenth part of this fubftance. 

Calcination deprives lime-ilonc of the acid and water 
which it contained. Thefe two principles are evidently 
replaced by the matter of heat itfelf. The odour of five 
which quick-Hme emits ; the light which it affords when 
flackened in a dark place ; the colour which it communi- 
cates to the lapis cauflicus ; the property which it poflef- 
fes of producing the oxide and the glaffes of lead — all 
prove to us, as Mr. Darcct obferves in the Journal de 
Phyfique for 1783, that ift proportion as the calcareous 
ftone is deprived of the aeriform principle, it combines 
with the igneous principle, which cannot be'difplaced but 
by the way of aflinities. The beautiful experiments of 
Meyer, when diverted of all theory, prove the fame 
thing. 

It is proved, from the experiments of Dr. Higgins, 
that the bell lime is that which is made with the hardcfl 
and moil compact done broken into fmall pieces, and 
heated flowly, un,til the furnace is become of a white 
heat. This heat mufl be kept up until the ftone is no 
longer capable of effervefcing with acids. The lime be- 
comes over-burned if the ignition be carried to a greater 
degree ; and the produce is then a frit, which is no 
longer capable of being divided in water, or of rcfuming 
with avidity the principles it haji loft. 

When pieces of calcareous ftone of different fizes arc 
calcined, the lime will not all be of equal goodnefs ; the 
fmall pieces confiding of over-burned lime, while the 
larger pieces are fcarcely altered in their central parts. 

The beft lime is that which is the moil quickly divided 
by imrnerfion in water, and affords the grcateil quantity 
of heat in this procefs, which caufes it to fall into the 
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fineft powder. Good lime mould like wife diiTolve in the 
acetous acid without effervefcence, and leave the leaft 
poiTible quantity of refidue. 

Lime continually endeavours to refume the acid and 
the water of which the ftone was deprived by calcination : 
confequently, when it is left expofed to the air, it cracks, 
becomes heated, falls into powder with an increafe of 
bulk, and refumes the property of efFervefcing. It is 
therefore of importance to ufe lime newly made, if the 
artift be deiirous of poffeflin<r its whole force. 

Lime is fparingly foluble in water, and this .^lution 
is called lime-water ; the lime may be precipitated by 
means of carbonic acid, which regenerates calcareous 
Hone in the form of a precipitate. 

Lime-water is ufed to indicate the prefence, and deter- 
mine the proportion, of carbonic acid in any mineral 
water. 

Phyficians prefcribe it as an abforbent and detergent. 

When lime-water is left in contact with the air of the 
atmofphere, a pellicle is formed at its furface, known by 
the name of the cream of lime ; this is the regenerated 
calcareous ftone. 

The fuperb bafon of Lampi, one of the two principal 
refervoirs which furnifh the Royal Canal of Languedoc 
with water, was found to leak at the junction of the 
ftones. The ikilful engineer who directs thefe works, 
Mr. Pin, caufed lime to be flacked; which, pairing through 
thefe fmall apertures, became fupplied with carbonic 
acid, and formed a cruft, or very white covering, over 
its whole furface : lo that all the ftones of this fine piece 
of rnafonry are connected together by this cement ; and 
at prefent conflitute one fingle undivided fubftance, im- 
penetrable to water. 

The regeneration of calcareous ftone is very flowly 
effected by the procefTes hitherto defcribed. But this 
maybe expedited by prefenting to the lime the principles 
with which it io ftrongly tends to combine : this is ac- 
cordingly done in works in the large way. 

Lime is ufually Hacked by pouring abundance of water 
upon it. A violent heat is thus excited ; the lime falls 
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down into powder, and a pafte is afforded by ftrongly 
working the lime together in proportion as it becomes 
faturated. 

The count Razoumoufki has taken advantage of the 
heat which is difengaged when lime is flacked, to com- 
bine the lime with fulphur. 

The degree of heat proper to effect this combination is 
70 of Reaumur.. At this point the fulphur, which is 
placed in contact with the lime, liquefies, becomes of a 
red colour, and forms a true fulphure or hepar of lime. 

Mortar is made fimply by working fand, or other bo- 
dies infoluble in water, together with flacked lime. 

We are acquainted with two kinds of fand at Mont- 
peilier ; pirh fand, and river fand : the former is almoft 
always altered by a mixture of vegetable and calcareous 
earth, which weaken its efficacy ; the fecond is purer, 
and better fuited for the purpofe. Inftead of fand, the 
fragments or duft of fcone may be ufed ; the angles which 
thefe fragments pyefent, and the roughnefs of their fur- 
face, contribute to give a confidence to the mortar. 

The hardening of mortars appears to be owing merely 
to the progreflive regeneration of lime-ltone. They do 
not obtain the greateft degree of hardnefs of which they 
are fufceptible, until they have refumed all the carbonic 
acid of which theftonc was deprived ; and this operation 
is very flow, unlefs the combuftion be facilitated by well- 
known methods, which confiftin mixing fubftances with 
the mortar which contain eirher the carbonic acid, or a 
principle analogous to it, fuch as vinegar. 

It is this regeneration of lime-ftone, which is effected 
by the lapfe of time, that explains to us why the hardeft 
ftones afford the beft lime ; and why old mortars are 
found to poffefs a degree of hardnefs which modern ar- 
tifts have no hopes of attaining. 

The remains of ancient buildings have induced certain 
philofophers to conclude, that the ancients were in poflef- 
fion of very valuable proceffes for the making of mortar. 
Mr. De la Faye was of opinion, that thole enormous 
maffes, in which the perfection of the mechanical proceffes 
of the ancients only was admired, were made by coffer 
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work ; and he imagined that he had difcovered in Vitru- 
vius, Pliny, and Saint Auguftin, that their procefs to 
extinguifh lime differed from ours , and that the great 
difference which appears to exift between the ancient and 
modern mortars "depends more particularly upon this 
circumftance. Thefe interefting refearches have induced 
him to propofe that the lime mould be put into a bafket, 
and fuffered to flack in the air ; as he thinks by this 
means it would preferve a greater degree of force, and 
be lefs weakened than by the ufual proceffes. 

Loriot has attributed the fuperiority of the mortars of 
the ancients to the means which they ufed to dry them 
fpeedily ; and in confequence of thefe principles he mixes 
pounded bricks with flints, works the whole toge- 
ther with flacked lime, and dries the mafs with one- 
fourth part of quick-lime. Care muft be taken to uie 
only lime which is finely pulverized and fifted ; for other- 
wife the mortar would crack, and be very imperfect. 

Nature fometimes prefents to us a fuitable mixture of 
lime-ftone and fand, to form an excellent mortar without 
any mixture of extraneous fubftances. Mr. De Morveau 
found this lime-ftone in Burgundy ; Mr. De Puymaurin 
has defcribed a fpecies which he found in Berne ; and I 
have obferved in Cevennes a natural mixture of this kind, 
in which the proportion of materials was fo well aflbrted, 
that nothing more was neceffary than to calcine it, and 
extWuifh it in water, to form an excellent mortar. 

SPECIES II. 
Sulphate of Lime, Gypfum, Selenite, Plafler Stone. 

The Plafler Stone lofesits tranfparency by calcination, 
at the fame time that it becomes pulverulent, and acquires 
the property of again feizing the water of which it had 
been deprived, and refuming its hardnefs ; it does not 
o-ive fire with the fteel, nor eflervefce with acids. 
' We are more particularly indebted to Margraff for 
our acquaintance with the conflituent principles of plaf- 
ter; and from fubfequent experiments the following 
proportion of the feme principles has been affigned. 
One hundred parts of gypfum contain thirty fulphuric 
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acid, thirty-two pure earth, thirty-eight water; it lofcs 
nearly 20 per cent, by calcination. 

We begin to be equally acquainted with the formation 
of this ftone. The chevalier De Lamanon has afl'ertcd, 
that the numerous quarries of plafter which are found in 
the vicinity of Paris, are the depofition of an ancient 
fluviatile lake, formed by the Seine, Loife, and Marnc, 
which flowed off on the fide of Meulan. The wrought 
iron, and the various remains of animals which arc found 
at the bottom of the quarry of Mont Matre, (hew that 
its formation is not very ancient ; and the indefatigable 
naturalift here cited conliders the felenite as originally 
difperfed in the water, precipitated in confequencc of its 
fparing folubility, and heaped together in places deter- 
mined by currents, waves, and other circumftanccs. 

Thefe fads, highly interefting as they are in the natu- 
ral hiiiory of plafter, are infufficient for thechemift who 
is defirous of knowing likewife in what manner, and 
under what circumftanccs, the combination of the fiil- 
phuric acid and lime is made. I fhall proceed to com- 
municate fome obfervations which our province affords. 

1. I have obferved in a black and pyritaceous clay of 
Saint Sauveur, extracted out of the work called Prrcc- 
ment Dillon, many fmall needle-formed cryftals of fele- 
nite, from four to eight lines in length. At the furface 
of the foil where the fame clay is more decompofed, 
cryftals of the fame nature, but longer, thicker, and 
more numerous, are alio found. 

2. The marly and pyritous clay of Caunelle, near 
Moffon, abounds with beautiful cryftals of rofe-coloured 
plafter, in the form of cocks-combs, obferved by Mr. 
Dorthes. 

3. The plafter quarry of La Salle exhibits almoft al- 
ternately ftrata of plafter and ftrata of black and pyritous 
clay, which efHorefces in the air. 

4. Near the bridge of Herepian, on the declivity of 
Cafcaftel, at Gabian, and in many other places, I have 
conftantly found cryftals of gypfum mixed and con- 
founded with pyritaceous cl 

5. The fulphureous depofitions of folfatara often con- 
tain cryftals of felenite. 



Formation of Gypfum. l %7 

From thefe fads it appears to me that the formation of 
gypfum may eafily be conceived. It is not formed ex- 
cepting in places where pyrites and clay more or lefs 
calcareous are found together : that is to fay, its forma- 
tion appears to be dependent on, and connected with, 
the pretence of fulphur and lime. 

Whenever, therefore, the pyrites is decomposed, the 
fulphuric acid which thence arifes feizes the lime, and 
efflorefces in fmail cryftals, which are carried off by the 
water, and fooner or later depofited. I have obferved 
perceptible depofitions of plafter on the banks of rivulets 
which walh pyritous clays. I have likewife feen depofi- 
tions of the fame nature in rivers whole waters have been 
ftrongly concentrated by the burning heat of our fum- 
mer. And confequently, if we fuppofe felenite to be 
difperfedin more confiderable marks of water, there will 
be no difficulty in conceiving the formation of thole 
ftrata which the plafter quarries exhibit. 

Meffrs. De Cazozy and Macquart have obferved the 
tranfition of the gypfum of Cracoviato the ftate of calce- 
dony. When the nucleus of caicedony is determined 
it increafes perceptibly in the courfe of time, even in ca- 
binets ; which proves that the quartzofe juice, when once 
infiltrated into plafter, combines with the lime, and de- 
termines this transformation. 

Mr. Dorthes has proved that the quartz, in cocks- 
combs at Palfy, owed its origin to platter ; that this laft 
fubftance having been carried away by folution, the 
quartzofe juice has taken its place. Natural hiftory 
exhibits feveral of thefe metamorphofcs. 

Gypfum is found in the earth in four different ftates^ 
i. In the pulverulent and friable form, which confti- 
tutes gypfeouse^rth,foftil flour, &c. 

2. In folidmafies, which coniiitute plafter- ftone. 

3. In ftalsKEtites, or fecondary depofitions. In this 
place we may arrange the ftriated filky gypfums, the 
cauliflowers, the gypfeous alabafters, and that prodigi- 
ous variety of forms which the ftalaclites affumes, what- 
ever nisy be its component partr. 

4. In determinate cryftals whkh ufually exhibit the 
following forms. 
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i. The compreffed tetahedral rhomboidal prifm. 

2. The hexahedral prifm truncated at itsfummit. 

3. The decahedral rhomboid. I apprehend that the 
lenticular gypfum may be referred to this laft form, as it 
appears to me to be compofed of feveral rhomboids 
united together fide-ways. At all events I have, as the 
laft refult, obtained the rhomboidal form, by decompo- 
sing this variety. 

The colour of gypfum is fubjecl: to a great number of 
varieties, which are the figns of various qualities relative 
to its ufes. The white is the mod beautiful, but fome- 
times it is grey ; and in this cafe is lefs efteemed, and 
lefs valuable. 

The feveral Hates of the oxides of iron, with which it 
abounds in greater or lefs quantities, conftitute its rofe- 
coloured, red, black, &c. varieties. 

The fpecific gravity of gypfum varies according to its 
purity. — See Meffrs. BrifTon and Kirwan : the latter 
found it fometimes of the weight of 2. 32, and fometimes 
1.87. 

It is foluble in about live hundred times its weight of 
water, at the temperature of 60 degrees of Fahrenheit. 

When it is expofed to heat, its water of cryftailization 
is diflipated, it becomes opake, lofes its confluence, and 
falls into powder. If it be moiftened, it becomes hard 
again, but does not refume its tranfparency ; a circum- 
ftance which appears to prove that its fir ft Itate is a ftate 
of cryftaliization. 

If it be kept in a fire of confiderable intenfity, in con- 
tact with powder of charcoal, the acid is decompofed, 
and the refidue is lime. 

Its principles may likewife be feparated by finely pul- 
verizing- it, and boilinsr it with alkali. 

It is fufible by the blow-pipe according to Bergmann ; 
and in a porcelain furnace, according to Darcet. 

The management of the fire in the calcination of gyp- 
fum is of great confequence. Too much heat decompo- 
fes it ; and too little does not enable it to unite, and 
form a hard fubftance with water. 

Calcined gypfum divides and difperfes itfelf in water, 
with which it forms a pafte that may be caft into every 
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figure imaginable. We are indebted to this property 
for beautiful ornaments in the infide of our houfes ; but 
it cannot be ufed for external decorations becaufe, its 
folubility in water renders it gradually deftructible by 
that liquid. 

species in. 

Fluate of Lime, Vitreous Spar, Fufible or Phofphoric Sgar, Fluor Spar. 

This ftone is a combination of a peculiar acid, called 
the fluor acid, with lime. 

It decrepitates on heated coals, like muriate of forla, 
or common fait. When flightly heated, it mines with a 
beautiful blue colour, that remains even under water, 
or in acids. The refidue of this appearance of combuf- 
tion is white and opake. 

Its fpeciflc gravity is, in general, from 3.14 to 3.18, 
according to Kirwan. 

This fpar enters into fufion by a ftrong heat, and 
corrodes the crucible : it likewife fufes without effervef- 
cence with the mineral alkali, the borate of foda, and 
the phofpates of urine. 

This ftone poflelTes the moft lively and various co- 
lours ; and it is known under the names of falfe emerald, 
falfe emethyft, or falfe topaz, accordingly as its colour is 
green, violet, or yellow. 

The blue fluor fpars commonly owe their colour to 
iron, but fometimes to cobalt. Berlin Berchaft, torn. ii. 
p. 320. — Green fluors are coloured by iron, according 
to Rinmann. The moft ufual form of fluate of lime is 
the cubic, with all the modifications which accompany 
their primitive form. 

When this ftone is diftilled with its own weight of ful- 
phuric acid, the firft product, confifts of elaftic whitifh 
vapours, which fill the receiver, and depofit a cruft at 
the furface of the water, while the water itfelf becomes 
acidulous. The refidue in the retort is fulphate of lime, 
according to Scheele. The cruft which is formed on the 
water of the receiver is filiceous earth ; and the water 
itfelf being faturated with the vapour, conftitutes the 
fluoric acid. 
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The molt aftonifhing property of this acid is doubtlcfs 
that of feizing the filiceous earth, which is a conftituent 
principle of the glafs, and volatilizing it with itfelf. 

In order to have the acid in a ftate of greater purity, 
and exempt from every mixture of fiJcx, the operations 
are performed in retorts of lead ; but Mr. DePuymauiin 
is convinced, as well as myfelf, that the acid even then 
is leidom pure, becaufe the moft beautiful fluor contains 
almoft always a fmall quantity of lilex, which die acid 
carries with it. The whiteft, the moft tranfparent, and 
moft regularly-cryftallized iftuor, diftilicd on the wa- 
ter bath in a leaden retort, afforded me an acid conta- 
minated by a fmall quantity of filex. 
^ Mr. Meyer.having ufed every poflible means to obtain 
this acid in a ftate of great purity, is convinced that 
when the acid does not find iilex in the retort, it attacks 
the fides of the receiver, and becomes changed. 

This acid may be preierved in bottles whofe internal 
furfaces are coated with wax diffolved in oil. 

The fluoric acid has fome analogy with the muriatic ; 
and fome chemifts have even confounded them together: 
but they differ effentially from each other. 

The fluoric acid — i. When combined with pot-afh, 
prefents a gelatinous fubftance, which when dry retains 
fifth of the alkali employed, and forms a true neutral 
fait. 2. It acts nearly in the fame manner with foda. 
3. With amoniac it affords a jelly, which when dry 
exhibits ail the appearances of fiiex. 4. When mixed 
with lime-water, it regenerates the fluate of lime. 5- It 
does not attack gold, nor diffolve filver ; and combines 
in preference with oxides, fuch as thofe of lead, iron, 
copper, tin, cobalt, and even of filver. 

• One part of the fluate of lime, fufed with four parts of 
cauftic fixed alkali, forms a fait infolublc in water. The 
fame quantity of fluate of lime, treated in the fame man- 
ner with the carbonate of pot-afh or mild vegetable al- 
kali, affords a foluble fait ; and at the bottom of the wa- 
ter a calcareous earth is found, which proves that the 
fluoric acid is not feparated but by double affinity. 

1 his ftone which hitherto has not been employed but 
as a flux, or in the fabrication of ornaments, appears to 
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me to deferve the mod particular attention. Its texture 
feems to be lamellated like the diamond ; and like that 
ftone it is capable of double refraction, as the abbe Ro- 
chon has obferved. Its phofphorefcence has likewfe 
fome relation with the combultibility of the diamond, and 
it has lively and varied colours. Ail thefe circumilances 
eftablifh an analogy between thefe two fubftances ; and 
might lead us to fufpect that the conftituent principles of 
the diamond exift in this ftone, mixed and combined with 
an acid and lime, &c. 

The fluoric acid poffefTes the very fmgular property of 
attacking glafs, and dillolving and carrying off its filiceous 
part. Margraff firft obferved this property ; but Mcffrs. 
De Puymaurin and Klaproth have very happily applied 
it to the art of engraving on glafs. 

This acid is employed to corrode the glafs, in the fame 
manner as aqua fortis is ufed to engrave upon copper. 

Some authors, particularly Mr, Monnet, have endea- 
vored to prove that this acid was nothing elfe but a modi- 
fication of the acid ufed in the decomposition of the fpar. 
They feem to found their opinion chiefly on the circum- 
ftance, that the acid obtained exceeds in weight the fpar 
made ufe of ; but they have neglected the increafe of 
weight which muft arife from the erofion, diflblution, and 
mixture of the glafs of the diftilling veffels. And indeed 
thefe experiments do not appear to me to invalidate in tlje 
leaft the eternal truths which have iffued from the labora- 
tory of the celebrated Scheele ; otherwife fuch modifica- 
tions in the acids employed, would in my opinion afford 
a phenomenon ftill more aftonifhing than the exiftence of 
this peculiar acid. 

SPECIES IV. 
Nitrate of Lime, Calcareous Nitie. 

This fait, as well as thofe which remain to be treated 
of in the prefent genus, exifts only in waters. Their 
oreat folubility, and their fpontaneous deliquefcence, do 
not permit them to form durable mafles, or to exift in 

the form of ftones. 

Hh 
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The nitrate of lime is principally formed near inhabited 
places ; old plafter affords it in abundance by lixiviation. 
It is one of the falts which abound in the mother waters 
of the falt-petre makers ; and it has been found in fome 
mineral waters. 

It is ufually obtained in the form of fmall needles, ap. 
plied tideways to each other. 

When a folution of nitrate of lime is concentrated to a 
gelatinous confiftence nearly equal to that of fyrup, it 
forms in procefs of time, cryftals in hexahcdral prifms. 
Two parts of cold water diffolve one of this fait ; and 
boiling water diffolves more than its own weight. 

Its tafte is bitter and difagreeable. 

It liquifies eafily on the fire, and becomes folid by 
cooling ; if it be ftrongly calcined, and carried into the 
dark, it isluminous, and conftitutesBaldwin's phofphorus. 

It lofes its acid in a violent and continued heat. When 
diftilled in clofe veffels, it affords the fame produces as ni- 
tre by the decompofition of its acid. 

Projected upon ignited coals, it detonates in propor- 
tion as it becomes dry. — See De Fourcroy. 

Its acid may be difengaged by means of clay and of the 
fulphuric acid. 

The alkalis and barytes precipitate its earth. 

The fulphuric falts, and the carbonates of alkali, de- 
^ompofe it by double affinity. 

species v. 

Muriate of Lime, Calcareous Marine Salt. 

This combination exifts more efpecially in the waters 
of the fea ; and contributes to give to thefe waters that 
bitter tafle which has improperly been referred to bitu- 
mens that have no exiftence. 

This fait is very deliquefcent ; one part and a half of 
water cliffolves one of this fait ; and hot water diffolves 
more than its own weight. 

It may be made to cryftallize by concentrating its folu- 
tion to the 45th degree of Baume, and expofing it after- 
wards in a cool place. 
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With thefe precautions it affords a fait in tetrahedral 
prifms terminated by four-fided pyramids.— -See de Four- 
croy. 

It enters into fuiion with a moderate heat ; but is de- 
compofed with great difficulty. It acquires by calcina- 
tion the property of finning in the dark, and is called the 
phofphorus of Homberg. 

It is decompofed by barytes and the alkalis. The con- 
centrated fulphuric acid, poured upon a very ftrong folu- 
tion of muriate of lime, difengages the acid in vapours, 
and forms a folid precipitate ; an appearance which feems 
in an inftant to transform two liquids into a folid, and 
produces a very ftriking effect. The theory of this phe- 
nomenon is eafily deduced from the very great folubility 
of the muriate, and the almoft abfclute infolubility of the 
fulphate which takes its place. 

SPECIES VI. 

Phofphate of Lime, Calcareous Phofphoric Salt. 

This phofphate of lime has been found in Spain, in the 
kingdom of Eftramadura, by Mr. Bowie. 

It is a whitiih ftone of confiderable denfity, not hard 
enough to give fire with the fteel. It is found in hori- 
zontal flrata, repofing upon quartz, and exhibiting ver- 
tical, flattened, and clofe fibres. When thrown on 
ignited coals, it does not decrepitate, but burns quietly, 
and affords a beautiful green light, which feems to pene- 
trate through it, and does not difappear fo quickly but 
that a fufficient time is admitted to contemplate its bril- 
liancy with admiration. Before the blow-pipe it runs 
into a white enamel, without boiling up ; whereas bones 
fupport the moft violent heat without fufion. Its habi- 
tudes with the nitric and fulphuric acids are the fame as 
thofe of calcined bones; its acid may be feparated and 
brought into the ftate of an animal glafs ; it may be de- 
compofed, and the phofphorus extracted . 

Mr. Prouft, from whom we borrow thefe interefting 
details, obferves likewife that diis ftone is found to coin- 
pofe the mafs of entire hills in the neighbourhood of the 



194 Ponderous Spar. 

village of Logrofan, in the jurifdiction of Truxillo, a pro- 
vince of Eftramadura. The houfes and the walls of in- 
clofures are built of it. 

GENUS II. 
Earthy Salts with Bafe of Barytes. 

The moft common ftate in which Barytes is found is in 
combination with the fulphuric acid. 

SPECIES I. 
Sulphate of Barytes, Ponderous Spar. 

This ftone is the moft ponderous we are acquainted 
with. Its fpecific gravity is commonly from 4 to 4.6. 

It decrepitates in the lire, melts before the blow-pipe 
without addition, and fluxes diilolve it with effervefcencc. 
— See the notes of the abbe' Mongcz*. 

Mr. Darcet fucceeded in fufing it in a porcelain fur- 
nace. 

It has been often confounded with gypfum and fluor 
fpar ; but the characters of thefe two fubftances are very 
different. 

It almoft always accompanies metallic ores, and it is 
even confidered as an happy prefage of finding them. 
Bccher has affirmed that it was a certain indication vel 
■prefentis velfuturi met'alli : and I think that there is reafon 
to confider it as the vitrifiable ftone of this celebrated 
naturalift. The proofs of my affertion may be feen in 
the preliminary ideas of my treatife on metallic fubilan- 
ces (in this workO The analogy between this ftone and 
metals has been eftablilhed by the experiments of Berg- 
mann and of Mr". Lavoifier. 

This ftone, when rather ftrongly heated, exhibits a, 
blueifti light in the dark. To form thefe kinds of phof- 
phori, the fpar is pulverized, the powder is kneaded up 
with mucilage of gum tragacanth, and the pafte is formed 
into pieces as thin as the blade of a knife. Thefe pieces 

* Manuel du-Mineralogifte. 
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areafterwards dried, and ftrongly calcined by placing them 
in the midfl of the coals of a furnace ; they are afterwards 
cleared by blowing on them with the bellows. In this 
ftate, if they be expofed to the light for a few minutes, 
and afterwards carried into a dark place, they fhine like 
glowing coals. Thefe pieces fhine even under water ; 
but they gradually become deprived of this property, 
which however may be reftored again by a fecond heat- 
ing. — See De Fourcroy. 

Ponderous fpar is eafily divided into plates by the 
flighteft blow ; and the moil ufual form which it affects is 
that of an hexahedral prifm,- cW ery flat, and terminated 
by a dihedral fummit. 

Ponderous fpar has been found at the diftance of one 
league from Clermont d'Auversme, in the form of hexa- 
hedral prifms terminated by a tetrahedral or dihedral 
pyramid. I have feen cryftals of two inches in diameter. 

It frequently happens that the form of thefe cryftals is 
not very determinate ; but all the flones of the nature of 
thefe exhibit a confufed affemblage of feveral plates ap- 
plied one upon another, and capable of being feparated 
by a very llight blow. Ponderous fpar is inibiuble in 
water ; and upon this property is founded the virtue poC- 
feiled by the muriate of barytes, to manifeft the ilightefl 
portions of fulphuric acid in any combination which con- 
tains it. 

Barytes adheres more ftrongly to acids than the alkalis 
themfelves do ; and when the carbonates of alkalis pre- 
cipitate it, the effect, takes place in the way of double af- 
finity. 

SPECIES 11. 
Carbonate of Barytes. 

This combination has the fpecific gravity of 3.773. 

One hundred parts contain twenty-eight water, leven 
acid, flxty-five pure earth. 

The fulphuric, nitric, and other acids attack it with 
effervefcence. 
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t Although the carbonic acid poffeffes the ftrongcfl: affi- 
nity with this earth, it is very feldom found in combina- 
tion with it : and I am acquainted with its exigence only 
on the authority of Mr. Kirwan, who affirms that Dr. 
Withering prefented him with a fpecimcn from Alflon 
Moor, in Cumberland ; which refcmles alum, with the 
difference that its texture is floated, and its fpecific Gra- 
vity is 4.331*. 

< Mr. Sage analyfed this ftone, which was prefented to 
him by Mr. Greville.— See the Journal de Phyfique for 
April 1788. 

SPE'^ E S III. 

Nitrate of Barytes. 

The nitric acid diffolves pure barytes, and forms a fait 
which cryftallizes fometimes in large hexagonal cryftals, 
and frequently in fmall irregular cryftals. 

The nitrate is decompofcd by lire, and affords oxigcnc. 

The pure alkalis do not difengage the barytes, but the 
alkaline carbonates precipitate it by double affinity. 

The fulphuric and fluoric acids feize this earth from 
the nitric acid. 

It has not yet been found native. 

SPECIES IV. 
Muriate of Barytes. 

This fait is capable of affuming a form confiderably 
resembling that of fpar in tables or plates. It exhibits, 
with the earths, acids, and alkali, phenomena nearly fi- 
milarto thofe of the nitrate of barytes. 

It forms one of the moft interefting re-agents to afcer- 
tain the exiftence of the fmalleil particle of fulphuric fait 
in any water ; becaufe by the fudden exchange of prin- 
ciples, the remit is ponderous fpar, which immediately 
falls down. 

It has not yet been found in a native ftate. 

* It is plentifully found in England, in the lead mine of Anglezark, 
near Chorley in Lancafhire. See the Manchefter Memoirs, vol iii' 
p. 598. T. 



Epfom Salt. jgy 



GENUS III. 
Earthy Salts with Bafis of Magnefia. 

Thefe falts were not well known before the time in 
which the celebrated Black proved that they ought not 
to be confounded with calcareous falts. They may be 
diftinguifhed from thefe by the bitter tafte which almoft: 
all of them poffefs. 

They are in general very foluble in water. Lime-water 
precipitates them, as does likewife ammoniac, or the vo- 
latile alkali. 

species i . 

Sulphate of Magnefia, Epfom Salt. 

This fait is frequently met with ; it exifls in feveral 
mineral waters, fuch as thofe of Epfom, of Sedliz, &c. It 
v/as at firft. diftinguifhed by the name of the fprings which 
produced it ; and it is {till known by the name of the bit- 
ter cathartic fait, on account of its tafte and virtues. 

The fulphate of magnefia, in commerce, comes either 
from the fait fprings of Lorraine, from which this fait is 
extracted with a mixture of fulphur ; or otherwife from 
the fait works in the environs of Narbonne, where it is 
extracted from the mother waters which contain it abun- 
dantly. 

The fulphate of magnefia, in commerce, has the form 
of fmall filky needles, very white. It does not efflorefce 
in the air, which diftinguifhes it from the fulphate of foda. 

The cryftals of the pure fulphate of magnefia are quad- 
rangular prifms, terminated by pyramids of an equal 
number of ii^es. 

The fulphate of magnefia prepared in our fait works is 
fold at from thirty to forty livres the quintal ; it contains 
in the pound three fixteenths of fulphate of foda, two fix- 
teenths muriate of magnefia, one iixteenth muriate of 
foda, fix fixteenths true fulphate of magnefia : the reft 
confifts of falts with bafis of lime. 
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The fulphate of Magnefia, when expofed to the fire, 
liquefies, and lofes half its weight. The remainder is 
dry, and requires a ftrong fire to fufe it. 

Water diflblves its own weight of this fait, at the tcm- 
'ture of 60 degrees of Fahrenheit's thermometer. 

One hundred parts of this fait contain twenty-four 
parts acid, nineteen earth, and fifty-feven water. 

It exifts in all the waters in the environs of Montpellier. 

Sometimes it is found efflorefcent upon fchifti, from 
which it may be collected. I have found it upon a moun- 
tain in Rouergue, in a quantity fuflkiently great to be 
colic&ed to advantage : birds of paflage devour it gree- 
dily. This fait is ufed in preference to others as a pur- 
gative. 

species ir. 

Nitrate of Magnefia. 

Thecelebrated Bergmann, who has combined magnefia 
with the various acids, obferves that the nitric acid forms 
with it a fait capable of affording, by proper evaporation, 
prifmatic, quadrangular, truncated cryftals. The fame 
chemift adds, that this fait is deliquefcent. Mr. Dijonval 
affirms, that he obtained cryftals that were not deliquef- 
cent ; and accident has afforded me a fait of this kind in 
mother water of nitre concentrated to the 45th degree 
of the areometer. Its form was that of prifms with four 
fides, very much flattened, very thick, and very fhort. 

This fait decompofes the muriates ; alkalis precipitate 
its magnefia, as does likewife lime. 

SPECIES. III. 

V 

Muriate of Magnefia. 

The muriate of magnefia exifts in the mother v/ater of 
our fait works ; its taile is very bitter. 

According to Bergmann, it forms a fait in fmall needles, 
fo deliquefcent that it cannot be obtained but by ftrongly 
concentrating the folution, and afterwards expofing it to 
intenfe cold. 
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Lime-water, barytes, and the alkalis precipitate the 
magnefia : it may likewife be feparated by means of fire. 

species IV. 

Carbonate of Magnefia. 

Though magnefia has the greateft affinity with the car- 
bonic acid, I do not think that nature has ever exhibited 
this combination. It is obtained by precipitating the 
magnefia from Epfom fait, by means of the carbonates of 
alkali ; and in this ftate it is called effervefcent magnefia, 
or magnefia not calcined. 

The carbonate of magnefia contains in the quintal thirty 
parts acid, forty-eight earth, and twenty- two water.— 
See Kirwan and Bergmann. 

Magnefia flicks to the tongue ; and aflumes, in drying, 
a certain tranfparency, which it preferves until it has loit 
all its water, which is not eafily driven off. 

Fire carries off the water and the acid ; and in this ftate 
the refidue is called calcined mao-nefta. 

o 

The carbonate of magnefia is foluble in water in the 
proportion of feveral grains in an ounce of the fluid. 

But we are indebted to Mr. Butini for a very fingular 
obfervation — that cold diffolves more than hot water, and 
that the magnefia may be precipitated by heating the 
water which holds it in folution. Hence it arifes that 
waters loaded with magnefia become white and turbid 
by ebullition. /■ 

The celebrated Bergmann had advanced that the car- 
bonate of magnefia is cryftallizable. Mr. Butini, by con- 
centrating a filtrated folution of this fait with a gentle 
heat, obtainecfgroups of cryftals, which, when examined 
by the microfcope, appeared to be hexagonal truncated 
prifms. I have obtained iimilar fnow-like flocks by pre- 
cipitating magnefia by the addition of an alkali, drop by 
drop. 

The carbonate of magnefia is ufed in medicine as a pur- 
gative. The calcined magnefia ought to be preferred as 
an abforbent. 

H 
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GI.NUS IV, 
Earthy Salts with Bafc of Alumine. 

The fubftance which in the arts is known by the name 
of Clay, is a natural mixture of feveral earths. 

Alumine, or pure clay, is capable of combining with 
the greateft part of the known acids ; but the molt com- 
mon of thefe falts is alum. 

SPECIES 1. 
Sulphate of Alumine, Alurn. 

Though alum be very commonly met with, yet the 
combination of principles which conilitute it isnot effected 
without confiderable difficulty. 

Pure clay upon which the fulphuric acid is digefted, is 
dilTolvcd with difficulty ; and it is by no means eafy to 
bring this combination to regular cryftals. The ufual 
product is a fait, which appears to be formed by fcales 
applied one upon the other. 

The moft ordinary procefs to dilTolve alumine by mean:; 
of an acid, confifts in calcining the clay, impregnating it 
with the acid, and facilitating its action by an heat or 50 
or 60 degrees of Reaumur. But a llmpler method, which 
I have uied in my manufactory of alum, confiflsin pre- 
fenting the acid in vapours, and under the dry form, to the 
clay properly prepared. For this purpofe I calcine my 
clays, and reduce them into fmall pieces, which I fpread 
over the floor of my leaden chambers. The fulphuric 
acid, which is formed by the combuftion of a mixture of 
fuiphur and faltpetre, expands itfelf in the cavity of thefe 
3 and exiils for a certain time in the vaporous 
form. In this form it has a ftronger action than when it 
sen weakened by the mixture of a quantity of water 
more or lefs confiderable : fo that it feizes the earths, com- 
bines with them, caufes them to increafe in bulk by the 
eftlorefcence which takes place, and at the end of feveral 
days the whole furface expofed to the vapour is converted 
into alum. Care is taken to ftir thefe earths from time 
to time, that they may fucceffively prefent all their fur- 
faces to the action of the acid. 
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But whatever procefs may be ufcd to combine the acid 
with clay, it is neceffary to expofe the aluminized earths 
to the air during a greater or lefs fpaceof time, in order 
that the combination may be more accurate, and the 
faturation more complete. 

Moft of the alum in commerce is afforded by ores which 
are dug out of the earth for this purpofe. We may reduce 
all the operations of this manuf a&ure to three or four ; 
the decompofition of the ore, the lixiviation of the ore, 
the evaporation of thefe lixiviums, and the cryflallization 
of the alum. 

1. The decompofition of the mineral is effected either 
in the open air without ailiftance, or elfe by means of fire. 

When the mineral is left to decompofe ipontaneoufly, 
nothing more is done than to difpofe the ftone which con. 
tains the principles of alum in ftrata or layers. The 
pyrites becomes heated ; acid is formed, which difiblves 
the clay ; and the fait arifing from this combination 
exhibits itfelf by the efflorfcence of the ore. The decom- 
position may be accelerated by watering ths heap of 
pyrites ; but the operation may be ftill more abridged by 
the afliftance of fire.— 1 he method of applying the heat 
varies prodigioufly. On this head Bergmann may be 
confulted ; but in general it may be obfervedthatit ought 
not to be either too ftrong or loo weak. In the firfl cafe 
it volatilizes the fulphur, and in the fecond it retards the 
operation. 

The ore of alum is fometimes impregnated with a fuf- 
ficient quantity of bitumen to maintain the combuftion. 
— See my Memoir on the Alum Ore of Vabrais, 1785. 

1. When the ore has efflorefced into alum, the fait is 
extracted by lixiviation. For this purpofe the fame water 
is palled over feveral heaps of aluminous earth, in order 
to faturate it. The water which is firfl palled over the 
earth diifolves in preference the vitriol, which is more or 
Iefs abundant ; and this fait may be feparated from the 
alum by a previous cold-waftiing. 

3. This lixivium, or faline folution, is carried into 
leaden caldrons, where the fluid is properly concentrated. 
In this part of the procefs it is that an accurate faturation 
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of the alum is effected when the acid is in excefs ; and for 
this purpofe alkalis are added, which fenre like wife fingu- 
larly to facilitate the cryftallization. The celebrated 
Bergmann haspropofed to boil clay with the folution, to 
faturate the excefs of acid. This procefs feems in every 
point of view to be advantageous ; but it appears to me to 
be impracfible, becaufe the iuperabundant acid cannot be 
inade to combine with the clay but by a very long ebulli- 
tion; and I have obferved that, by afterwards evaporating 
the fluid to caufe it to cryftallize, this clay falls down 
and oppofes the cryftallization. I have varied the pro- 
cefs in a variety of ways, without obtaining the fuccefs 
which its celebrated author predicted. 

There are methods of greater or lefs accuracy to judge 
of the degree of concentration to which it is proper to 
carry the lixivium; in order to obtain a good cryftalliza- 
tion: fuch are, the immerfion of an egg in the liquid, the 
eftufion of fome drops of the lixivium on a plate, &c. Mr. 
De Morveau has propofed a metallic hygrometer ; but 
this inftrument cannot be confidered as very accurate 
becaufe its immerfion in the liquid is proportional to the 
heat of the fluid in which it is plunged. 

4. The lixivium is then conveyed into coolers, where 
it cryftallizes by mere refrigeration. The pyramids of 
alum are conftantly turned towards the bottom of the 
veflel, more efpecially thofe which fix themfelves to the 
fticks which are put into the liquor to multiply the furfaces. 

Alum affects the form of two tetrahedral pyramids, 
applied to each other bafe to bafe. Sometimes the angles 
are truncated, and thefe truncatures take place moft fre- 
quently when the lixivium is flightly too acid. 

This' fait requires fifteen times its weight of water to 
dhTolve it, at the temperature of 60 degrees of Fahrenheit, 
according to Kir wan. ^ 

Its talie is ftyptic ; it lofes its water of cryftallization 
bv heat ; at the fame time thas it fwells up, and is con- 
verted into a light and white fubftance, called burned or 
Calcined alum. 

If it be urged by a violent degree of heat, it lofes part 
of its acid, and becomes taftelefs. The refidue is no 
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longer fufceptibie of cryftaliization, and precipitates in 
the form of a very fine adhefive powder, in proportion 
as the water is difperfed by evaporation. 

Alumine is precipitated from this folutionby magnefia, 
barytes, and the alkalis : thefe lait dhTolve the precipi- 
tate in proportion as it is formed, if they be added in excefs. 

Alum is a very valuable material in the arts. It is the 
foul of the art of dying, and ferves as the mordant to all 
colours. It is ufed to prepare leather, to impregnate paper 
and cloths intended to be printed. It is added to tallow, 
to render it harder; it enters into the preparation of a 
glue for the deilruftion of vermin ; it is employed in 
England, and elfewhere, to give whitenefs, and additio- 
nal weight, to bread. When fufed with faltpetre of the 
firft boiling, it forms a very white cryftal mineral. 

The printers rub their balls with calcined alum, to 
caufe them to take the ink. Surgeons employ it to cor- 
rode fungous or proud ilem. 

SPECIES II. 
Carbonate of Alumine. 

The argillaceous earth precipitated from the folution of 
alum by the carbonates of alkalis, combines with their 
acid ; but this fait is very rarely found in nature. I know 
only of the obfervaiion of Schreber which afcertains its 
exigence. This naturalift afferted that the earth known 
by the name of Lac Lun<e is a true carbonate of alumine. 

Although alumine be foluble in the other acids, we 
are very little acquainted with its combinations. It is 
only known that the nitric acid diffolves it, that the folu- 
tion is aftringent, and that it may be obtained in fmail 
ftyptic and deliquefcent cryftals. 

The muriatic acid has a more evident action upon 
alumine. This muriate is gelatinous and deliquefcent. 

Thefe falts have not been applied to any ufe, and they 
are no where found in nature. 

G E N 17 S V. 
Earthy Salts with Bafe of Silex. 

Silex is of all the know earths that which combines the 
moft difficultly with acids. 
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We are even acquainted with no other acid than the 
fluoric which exerts an evident action upon it. It riles 
with it, and holds it in folution until it abandons it to 
unite with water. 

Some experiments of Mr. Achard gave reafon to think 
that the carbonic acid diflblved filex ; but the Parifian 
chemiit did not obtain the refults announced by the che- 
mift of Berlin. M. De Morveau feems to have proved 
that iron and the carbonic acid were neceffary to form 
rock cryftals ; but this acid does not remain united and 
combined with the earth ; fo that we have not hitherto 
arrived at any proof of its diffolving virtue. 

CLASS II. 

Concerning the Combination ur<l Mixture of Primitive Earths, or Earthy 

Mixtures. 

The pure and Ample earths, fuch as we have defcribed 
them, are rarely found on the fur face of the globe. They 
are conflantly mixed with each other, and form maffes of 
greater or lefs magnitude, and various hardnefs, accord- 
ing to the nature of the earths, their ftate of diviiion, 
and the character of the foreign fub fiances which are 
combined with them, fuch as iron, bitumens, &c. 

It may be eafily underftood that the number of com- 
pofitions which can refult from the mixture of five pri- 
mitive earths, would be infinite, if we were to pay at- 
tention to fuch flight varieties as depend on the propor- 
tions of the mixture : but I fhali not coniider any mix- 
tures as constituting fpecies truly diftinct, except fuch as 
• in the identity of their constituent principles. The 
flight differences in the proportions of thefe principles 
indeed occafion modifications iiithe form, the hard- 
nefs, the colour, &c. But thefe can never conftitute more 
than varieties. 

: fliali naturally deduce the genus from the ltoncor 
earth which predominates in any mixture, and appears to 
municate its own character to the total mafs. In this 
manner we fhall clafs among the calcareous mixtures fuch 
(tones as exhibit to our obfervation the properties of lime- 
ftone, to fuch a degree, that they would be taken to be 
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purely calcareous if the chemical analyfis did not prove 
the exiftence of ether principles. 

The genus ought not in ftrictnefs to be taken and de- 
duced from the earthy principles which predominates ; 
for the character of the whole mafs or of the mixture, is 
very frequently given by a* earth which does not form 
the moft abundant principle ; as we obferve more efpe- 
cially in magnefian earths, where the filex predominates 
over the magnefia. 

GENUS I . 
Calcareous Mixtures. 

According to the principles we have laid down, we 
muft refer to this place thofe ftony mixtures in which the 
properties of lime-ftone predominate. 

SPECIES. I. 
Lime-ftone and Magnefia. 

This mixture is very common ; almoft all the calca- 
reous Hones contain magnefia. Mr. Bayen has defcribed 
a variety in the Journal de Phyfique, t. xiii. which con- 
tain in the hundred parts feventy-five carbonate of lime, 
twelve magnefia, and thirteen iron , it is the earth of 
Crentzwald. Mr. Woulf has defcribed another variety 
in the Philofophical transactions for 1779. It afforded 
fixty parts carbonate of lime, thirty- five carbonate of 
magnefia, and three of iron. 

The analyfis which I have made of feveral lime-ftones 
in our province, conftantly afforded magnefia. 

SPECIES 11. 

Lime-ftone and Barytes, » 

Mr. Kirwan. has informed us that this fpecies is found 
in Derby fhi re, in the form of a (tone, and likewife in 
the earthy ftate. It is of a grey colour, and harder than 
ordinary lime-ftones. 

species III. 
Carbonate of Lime and Alumine. 

This mixture is frequently met with. It is commonly 
known by the name of Marie. The proportions of the 
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two constituent principles are infinitely various. It is upon 
this proportion that the distinction of fat marks and lean 
marles depends, and difpofes them to ferve as manure 
for earths of different kinds. The marles are ahnoft 
always coloured by iron. 

They appear to arife from the decompolition of the 
natural mixtures of chalk and clay, and contain more or 
lets of lilex; but the analylis which I made fix years ago 
of all the marles I could procure, convinced me that they 
were often nothing more than a mixture of clay and chalk. 
1 have likewife found magnefia in marles, ibmetimes in 
the quantity of feventeen parts in the hundred ; but, in 
general, they may be confidered as formed effcntially by 
the two earths here mentioned. 

Alumine is found likewife mixed with carbonate of 
lime in marbles. Mr. Bayen has proved this in the fecond 
volume of the Journal de Phyfique: and I have confirmed 
the truth of his remits by the analyfis of ieveral marbles 
of our province. It is even upon this principle that we 
may account for the greafy polifli which fome of them 
take. 

• The very evident difference which may be eftablifhed 
between the mixtures which form marie and marble, is 
that the firft is the immediate product of a decompolition 
principally effected by the alterations of the iron which 
it contains ; whereas, the fecond is produced by a purely 
mechanical mixture of two principles already formed, 
which being pounded, and ground as it were together, 
form a compact, hard, dole aflemblage, fufceptibie of 
the moft beautiful polifli. 

SPECIES IV. 
Lime-iione and Silcx. 

This fpecies is not common. It is known under the 
name of Stellated Spar, Stern Schoerl of the Germans. 
It is opake, of a radiated texture or form. Mr. Fitchel 
found it in limc-ftone on the Carpathian mountains. It 
efFervefces with acids; and, according to Mr, Bindheim, 
one hundred parts of this ftone contain fixty-iix carbonate 
of lime, thirty filex, and three iron. — See Kirwan. 
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The mixture of the pulverulent remains of the primi- 
tive rocks tranfported into our country by the rivers which 
rife in the Alps and the Cevennes, together with our own 
calcareous fragments, frequently form beds of a itone of 
this nature. The only difference between them is, that 
our mixtures exhibit a confuted affemblage of all the prin- 
ciples which belong to the primitive rocks, fuch as clay^ 
filex, and others. 

SPECIES V. 
Limeftone and Bitumen. 

This mixture is known by the name of Swine-ftone. It 
abounds in the diocefes of Alais and Uzes : 1 have feen 
the calcareous rock impregnated with bitumen in an extent! 
of more than three leagues diameter. It is even fo abun- 
dant in fome parts, that it diitils through the clefts of the 
rocks, and forms, ftalactitous bitumen, which the peafants 
collect to mark their fheep, or to greafe their cart-wheels. 
The heat of our fummer fometimes foftens it to fuch a 
degree, that it flows into the roads, where it adheres to 
and impedes the motion of the fledges arid other carriages. 

In fome places the ftone is fo well impregnated with 
bitumen, that it may be wrought ; but the blow of a 
hammer caufes it to emit an abominable fmeil. Mr; 
D'Avejan, biihop of Alais, having ufed this ftone to pave 
the apartments of his palace, the friction and heat difen- 
gaged fo unpleafant a fmell, that his fucceffors were obli- 
ged to fubilitute a ftone of another kind in its ftead. 

Mr. De la Peyroufe found this ftone in. large maffes 
near Saint Beal in Comminge, at L'Eftagneau, and the 
mill of Langlade. 

SPECIES VI. 
Lime-Stone and Iron. 

Iron is almoft always a conftituent part of lime-ftone ; 
but it fometimes exifts in fuch a proportion, that theie 
mixtures conftitute iron ores. Mr. Kirwan defcribes two 
of this nature ; one of which contains twenty-five pounds 

iron in the quintal, and the other ten. Mr. Rinmariii 

jtV. Ki 
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has defcribed ftalaftites which afford Iron, in the propor- 
tion of fromtwenty-ievento twenty pounds in the quintal. 

Calcareous iron ores are wrought in many parts of our 
province. I have myfelf obtained forty-four pounds of 
iron in the quintal, from a calcareous (lone which abounds 
on the mountain of Frontionan. 

It is common to find, in our calcareous mountains, 
hematites rich in iron, whofe bafe is calcareous ; we find 
likewife fpecies of ludus of the fame genus, and fome- 
times even tufa, whofe formation arifes from waters load- 
ed with iron and lime. 

The fpathofe iron ores are of the fame clafs as thofe we 
have juit treated of. 

GENUS II. 
Barytio Mixtures. 

Thefe mixtures are very rare, becaufe the fcone itfelf 
is fcarce. We mall mention only two fpecies. 

• SPECIES I. 

Sulphate of Barytes, Petroleum. Gypfum, Alum, and Silex. — Berg- 
manni Sciagr. f. 90 ; Kinvan Min. p. 60. 

The name of Hepatis Stone (Lapis Hepaticus) has been 
given to this mixture. 

The colour varies much : its texture is uniform, lam el- 
lated, fcaly, or fparry. It takes the polifli of alabafter. 

It forms a kind of plafler by calcination, and emits a 
ftrong and fetid fmell by fri&ion. 

One hundred parts of this ftone contain thirty-three 
barytes, thirty-eight filex, feventecn alum, feven gypfum, 
and five petroleum. 

s p e c 1 s 11. 

Carbonate of Barytes, Iron and Silex. 

Mr. Kir wan has mentioned this ftone on the authority 
of Mr. Bindheim. It is infoluble in acids, and of a fpar- 
ry texture ; but he is tempted toconfider it as afulphate 
of barytes, in confequence of the property obferved by 
Mr. Bindheim, that it becomes foluble in acids, after hav- 
ing: been calcined with oil. 
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GENUS III. 
Magneilan Mixtures. 

All the fpecies comprifed in this genus poflefs charac- 
ters fufiiciently ftriking, and eafily known. They are in 
general greafy and foft to the touch j they may be cue 
with a knife, turned in a lathe, and converted into any 
form at pleafure. They take a tolerably good polifh. 
Some of them are difpofed into fibres ; and thefe fibres 
poffefs for the moft part, a remarkable degree of flexibi- 
lity. They flick to the tongue like clays ; but do not, 
like them, foften in the water. 

species 1. 

Pure Magnefia, Silex, and Alumine. 

SPECIES II. 

Carbonate of Magnefia, Silex, and Alumine. 

The mixture of thefe three earthy principles forms 
talcs, fteatites, pot.ftones, or lapides ollares. 

The difference which analyfis fhews between thefe two 
fpecies, is almoft entirely confined to the proportions of 
their condiment principles. This circumftance might ap- 
pear fufficient to authorife us in confidering them only as 
varieties of each other. But as the magnefia is pure in 
the talc, and in the ftate of carbonate in the fteatites, we 
fhall confider them as different fpecies. 

1. Pure magnefia, mixed with near twice its weight of 
filex, and lefs than its weight of alumine, forms talc. It 
is of a white, grey, yellow, or greemfh colour ; foft and 
foapy to the touch, compofed of tranfparent laminae pla- 
ced upon each other. Thefe laminae are more tender than 
thofe of mica ; they lock together, and are ufually divi- 
ded into rhombi, and may be crufhed or icratched with 
the nail. 

Itsfpecific gravity is 2.729. 

Fire renders it more brittle and white ; but it is infu- 
hble by the blow-pipe, and can fcarcely be fufed by the 
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addition of alkali. The borate of foda, and the phofphate 
of urine, fufe it with a flight cflervelccnce. 

Mufcovy talc is compofed of large claftic, flexible, and 
tranfparent leaves. Plates of talc have been raifed in the 
quarries of Vitim in Siberia which were eight feet fquare. 

2. Steatites is ufually of a greenifli white: it may be 
eafily cut with a knife ; and the duft which is produced 
by (craping it does not readily mix with water. 

Its fpecific gravity is about 2.433. 

It is infufible alone, hardens in the fire, and becomes 
white. The borate of foda facilitates its fufion ; but 
foda, and the phofphates qf urine, do not perfectly dif- 
folve it. 

According to the analyfis of Bergmann, one hundred 
parts of fteatites contain eighty filex, feventeen magncfia, 
in the ftate of carbonate, two alumine, and one iron. 

Steatites is fometimes found in mafles of indeterminate 
figure, and fometimes cryftallized, fuch as that which 
Mr. Gerhard found at Raichewtein, in Silefia. Chcm. 
Ann. 1785. — And Mr. Rome de Lille poffeffes cryitals 
in hexagonal laminae refembling the leaves of mica. 

The white fteatites % of Brian con is compofed of irregu- 
lar, friable, and femi-tranf parent leaves. It often inclo- 
fes cryftals of fteatites, of a white or greenifli colour, 
which have the form of tetrahedral prifms. 

The fteatites of Corfica appears to be formed by fibres 
placed befide each other. It has a greenifli colour, and 
no perceptible degreee of flexibility. 

The fteatites of Bareith is grey, compact and folid. 

That of Queen Charlotte's Bay in New Zealand is 
filiated, green, femi-tranfparent, and fufllciently hard to 
give fire with the fteel. 

3. The foap-ftone of China is a fteatite, often ftriated; 
but it is not more unctuous than thofe we have already 

" mentioned. 

The fteatites of Briancon forms the bafis of the vegeta- 
ble red. 

4. The lapis ollaris, or pot-ftone, is only a variety of 
the fteatites. It does not appear to me to differ from it 

pting in being harder. 
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Its colour is ufuaily greyifh ; but it is fometimes black- 
ened by bitumen. 

Mr. Gerhard has obferved that the lapis ollaris of 
Sweden eflervefces with acids, and contains calcareous 
earth ; but this mixture is peculiar to it. Thofe or Sax- 
ony, Silefia, and Corfica do not contain it. The lapis 
ollaris may be wrought with the greateft facility. In the 
country of the Grifons, in Corfica, and elfewhere, it is 
turned, and formed into veffels which refift the fire, and 
have not the inconvenience of our glazed pottery ; it is 
from thefe ufes that it has obtained the name of Lapis 
Ollaris, Pot Stone, &c. 

SPECIES III. 

Pure Magnefia combined with fomewhat more than its weight of Silex, 
one third of Alumine, near one-third of Water, and more or lefs of Iron. 

This mixture forms the ferpentine. It has a great a- 
nalogy with the preceding fubftances, but is diftinguifhed 
from them by a more evident degree of hardnels ; by the 
property of acquiring a more beautiful poliih ; and by a 
quantity of iron fulliciently coniiderable to afford it a pe- 
culiar character. 

The ferpentine is whitifh, greenifh, blueifh, or blackifh; 
frequently marked with black fpots; and fometimes inter- 
fered with bands of various colours. vSome ferpentines 
are even tranfparent. The Royal Cabinet of Mines pof- 
fefs a fpecimen whofe ground is grey, and interfperfed 
with reddim femi-tranfparent and chatoyant fpots. 

Serpentine varies likewife in its texture. 

It is compact, granulated, fcaly, lamellated, or fibrous. 

It takes the moil beautiful polifh. 

The iron itcontains is fometimes obedient to the magnet. 

Its fpecific gravity is from 2.4 to 2.65. 

It melts in a violent heat ; but a lefs degree of fire har- 
dens it. 

Mr. Bayen, who has analyfed the ferpentine, found it 
to contain, in the hundred parts, forty-one filex, thirty- 
three magnefia, twenty alumine, three iron, and alfo water. 

Mr. Kirwan has obferved, that the ferpentine of Corfi- 
ca, crntained more alumine, and lefs filex. 
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Mr. De Joubert poffeffes a fpecies of ferpentine whicli 
exhibits fquare plates on its furface. 

Mr. Dorthes Ins obferved feveral varieties of thc 
ferpentincs on our Mediterranean coafts, and in tlie river 
ot Herault, which receives them from the mountains of 
the Cevennes. 

SPECIES IV. 
Carbonate of Magnefia; Silex, Lime, Aiumine, andiron. 

This combination exhibits feveral varieties, which are 
known under the name of Afbeftos, Mountain Cork. 
Their texture ferves to diftinguiih them ; but the chemical 
analyfis confounds them together, and does not permit 
us to allow any other difrin&ion than that of varieties. 

variety i . 

Afbeftos. 

This ftone is ufuaiiy greenifh ; its texture is fometimes 
fibrous and compact, and fometimes membranaceous. 

Near Bagneres de Bigorre, in the mountains of the 
environs of BaiTere, MelTrs. Dolomieu and La Peroufc 
found cryftals of afbeftos in rhomboidal parallelopipeds. 

Afbeftos is rough to the touch, brittle and rugged. Its 
fpecific gravity is from 2.5 to 2.8. 

Tire renders it whiter and more brittle. It is infufible 
by the blow-pipe, according to Kirwan ; but the abbe 
Mongez affirms that afbeftos and amianthus are fufible, 
and form an opake globule, which becomes blueifh. It is 
difficultly foluble with foda ; but more eafily with borate 
of foda and the phofphates of urine. 

According to Bergmann, the afbeftos contains in the 
quintal from fifty-three to feventy-four parts fdex, about 
fixteen rnagnefia, from twelve to twenty-eight carbonate 
of lime, from two to fix aiumine, and from one to two 
iron. 

V A P. I E T Y II. 
Mountain Coik. 

This name has been given on account of a flight refem- 
blar.ee of this fubflance to cork. This (lone is very light, 
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membranaceous, flexible, and ufually of a yellow colour. 
It may be more eafily torn than broken. The diocefe of 
Alais affords very line fpecimens. 

Amon'g a very great number of ftones of this nature, 
fubjecled to analylis by the celebrated Bergmann, the fili- 
ceous earth was always found predominant ; and after 
that the magnefian, which was never lefs than twelve 
parts in the hundred, nor more than twenty eight. 

species v. 

Carbonate of Magnefia and Lime, Sulphate of Earytes, Alamine, and 

Iron. 

This combination forms amianthus. It iscompofed of 
long flexible fibres, parallel to each other, and very fof t 
to the touch. 

They are fometimes very white, but often yellowifh. 
The filaments may be feparated and detached from each 
other ; and may be even twilled in any direction without 
danger of breaking them. Their flexibility is fo wonder- 
ful, that they may be formed into cloth. The ancients 
conftructed cloths of this kind, in which they burned the 
bodies of the dead ; and by this means the allies were 
collected without mixture of thofe of the fuel. 

Mr. Dorthes found amianthus in tufts upon calcareous 
flones thrown up by the fea, on which it was fixed with 
plants, corallines, gorgonia, &c. He believes, with 
reafon, that this amianthus did not originate upon the 
(tones, but that it was depofited by the water, fie found 
likewife, on the coafi, balls of the amianthus of two or 
three inches diameter imitating aegagropiles, and form- 
ed by the intertwining of the threads of amianthus ; 
and covered with a white tophoie fubflance, of the nature 
of that which covers the gorgonia, and is the work of a 
fpccies of fea animalcule. 

The fibres of amianthus are of various lengths. I have 
received fpecimens from Corfica, whole filaments were 
very flexible, and eight inches long. That from the 
Pyrenean mountains has fhortcr fibres. 
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Bergmann analyfed an amianthus from the vicinity of 
Tarento, of which too parts afforded 64 filcx, 18.6 
magnefia, 6.9 lime, 6 iulphate of baryles, 3.3 alumine, 
1.2 iron. 

GENUS IV. 
luminous Mixtures. 

Argillaceous or aluminous {tones are common enough. 
They are feldom poffefled of more than a moderate degree 
of hardnefs, and are divifible in water. But the mixture 
of their principles is in fome inftances fo intimate, that 
they poflefs a very ftrong degree of confidence. 

species 1. 

Alumine, Silex, Carbonate of Lime, and more or lefs of Iron. 

We may here place all the varieties of clay. Chemical 

ilyfis exhibits, conftantly enough the principles whole 
mixture forms this fpecies ; but the proportions among 
thefe conftituent principles vary fo much, that the varie- 
ties of clay are almoil infinite. Independent of the princi- 
ples above enumerated, we fometimes find lime combined 
with clay, and fometimes even magnefia ; and it will be 
eafy to form various fpecies, in proportion as the analyfis 
of thefe earths mail become more perfect. 

The argillaceous mixtures of which we propofc at 
prefent to fpeak, are characterized by the following pro- 
perties : — They adhere ftrongly to the tongue, become 
dry, hard, and fhrink in the fire; are divided, and form 
a parte, with water, in which flate they may be eafily 
moulded and turned, &c. The clays in which the fili- 
ceous principle is moft abundant are the drieft, adhere 
lefs to the tongue, are lefs completely diffufed in water, 
and crack lefs when dried by the heat of the fire or the 
fun. 

Mod clays contain iron ; and this metal is ufually the 
principle of their colour. From the brownifli clay, in 
which iron is almoft in the native ftate, to the deepeft red, 
all the various fhades are owing to the feveral degrees of 
alteration in this metal. Thefe various changes 
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effected either at the furface of the globe by the imme- 
diate action of the air, which calcines the iron, or elfe in 
the bowels of the earth : in which laft cafe, the efFe&s 
arife from the decompofition of water and of the pyrites. 
We may trace this beautiful work of nature in feveral 
pyritaceous ftrata in our province ; and on this fubjecfc 
reference may be had to my Memoir upon the Brown 
Red (Brun Rouge), printed by Didot by order cf the 
province. 

We fhall direct our attention lefs to the feveral varie- 
ties of clay than to the ufes to which they are applied. 
The firft of thefe ufes is to form the bafis of pottery. 

Several fpecies of pottery may be obferved, which 
neverthelefs differ from each other only in the degree of 
finenefs of the earths made ufe of, and the care that has 
been taken in performing the various manipulations 
which they undergo. 

1 . The moft common pottery is made with any kind of 
clay indifcriminately, which is mixed with fand, to ren- 
der it more porous, and by this means more adapted to 
fupport the heat. 

Thefe veffels would be penetrable by water, if they 
were not covered with a glaze. 

The glazes of pottery are ufually made either with the 
fulphureous lead ore called Alquinfoux, and in England, 
Potters Lead Ore, or with the yellow copper ore. For 
this purpofe, thefe fubftances are reduced to powder, 
mixed with water, and the veffel, previoufly dried by 
a flight baking, is dipped in the mixture. The porous 
veffel abforbs the wateiv while its furface becomes cover- 
ed with the pounded ore. The veffel is then carried to 
the furnace, and baked by a heat which vitrifies the ore 
upon its furface : and it is this metallic glafi which forms 
the glaze of the potters, and is yellow or green, according 
to the metal made ufe of. 

Thefe glazes are all dangerous ; becaufe they are folu- 
ble in fats, oils, acids, kc. 

The attention of intelligent manufacturers has been long 
directed to the methods of fubftitutino; in the place of 

LI 
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thefc glazes, others winch arc not attended with the fame 
danger. 

Wc might, after the manner of the Englifh, vitrify 
the furiace of our pottery by means of fca fait thrown 
into the fire-place when the furnace is at a white heat ; 
but this method is impracticable in moft of our manufac- 
tories, becaufe our fires are not fufliciently ftrong. 

I have tried various methods to glaze pottery ; and two 
among them have fucceeded well enough to juftify my 
publishing them. The firfl confiils in mixing the earth of 
Murivel in water, and dipping the pottery therein : this 
done, they are fullered to dry : after which they are 
plunged into a fecond water, in which levigated green 
glafs is mixed. This covering of vitreous powder fufes 
with the clay of Murviel; and the remit is a very fmooth, 
very white, and very cheap glazing. 

The fecond method confifts in immerfing the dried pot- 
tery into a ftrong folution of fca fait, and afterwards bak- 
ing them. The trial which I have made in my furnaces 
gives me reafon to expecl: that this method may be ufed 
in larcre works. 

o # 

1 have likewife obtained a very black glazing, by cxpo- 
fing pottery ftrongly heated to the fumes of fea-coal. I 
have coated feveral veffels in this manner, by throwing 
a large quantity of coal in powder into a furnace wherein 
the pottery was ignited to whitenefs. The effect is flill 
more complete when the chimneys or tubes of afpiration 
of the furnace are at that moment clofed, and kept fo for 
fome minutes. 

I have given an account of all thefe circumftances, and 
many others, in a work prefented to the Royal Society 
of Sciences of Montpellier ; in which I have proved, from 
the remits of my experiments in the large way, that the 
bell: mixture of our own earths is capable of affording us 
the moft beautiful and fineft pottery of every kind. 

i. Faycncc*. This does not differ from the pottery 
we have here fpoken of, except in the degree of linenefs 

* Diilinguifhed by us by the name of Delft Ware. T. 
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of the earths ufed for its bafis, and the nature of its cover, 
ing or glaze. 

The glazing of fayance is nothing elfe, as is well 
known, but giafs rendered opakeby means of the oxide 
of tin. It is the glafs called Enamel. 

make the fine white enamel of the potters, one 
hundred pounds of lead, thirty of tin, ten of marine fait, 
and twelve of purified pot-aih, are calcined together. 
This mixture, after calcination and fufion, produces a 
beautiful enamel, which is applied in the fame manner as 
the glaze before fpoken of. 

Bernard de PaHffy excelled in the art of fayencery ; 
and it is to him that we are indebted for our firft acqui- 
iitions in this manufacture*. 



* I cannot refill my inclination to infert in this place a few circum- 
flances of the life of this great but unfortunate man, who lived in the 
15th century. He was a native of the diocefe of Agen, and his firfl 
employment was that of furveyOr or draftfman of plans: but his tafte 
for natural hiftory led him to abandon this employment : and he tra- 
velled for inftruelion over the whole kingdom, and Lower Germany. 
An accidental circumflance threw into his hands a cup of enamelled 
pottery ; and, from that time, his whole time and fortune were taken 
up in experiments on enamels. Nothing can be more interefting than 
the narrative which he himfclf has given of his labours. He exhibits 
himfelf building and rebuilding his furnaces ; always on the eve of 
fuccefs; worn out by labour and misfortune ; the derifion of the public ; 
the objedt of the angry remonflrances of his wife ; and reduced to burn, 
his furniture, and even the wood-work of his houfe, to keep his furnace 
going. His workman prefTes him for money: he ftrips himfelf, and 
gives him his clothes. But at length, by dint of indefatigable labour, 
conftancy, and genius, he arrived at the defired degree of perfection ; 
which gained him the effeem and confideration of the greateft men of 
his age. He was the firft. who formed a colleftion of natural hiftory 
at Paris, and even gave lectures on that fcience ; receiving half a- 
crown from each of his auditors, under the obligation of returning it 
fourfold if any thing he taught fhould prove falfe. The high reputation 
he acquired, and the obligations under which his countrymen flood 
indebted to him, were not fufficient to defend him from the perfecutions 
of the League; for Matthew De Launay, one of the greateft fanatics, 
caufed him to be dragged to the Battile at the age of ninety years. 
He fignalized himfelf in his prifon by acls of firmnefs and heroifm. 
Henry the Third vifned him, and reprefented his fituation in thefe 
words : " My good man, if you cannot reconcile yourfelf to the matter 
" of religion, I mail be compelled to leave you in the hands of my 
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3. The fined pottery is known by the name of Porce- 
lain ; it ought to be white, tranfparent, and of a fine grain. 

The firil porcelains were manufactured in Japan and 
China. 

The celebrated Reaumur iirft undertook a capital feries 
of experiments to imitate thefe potteries : but, deceived 
by the femi-tranfparence and vitreous appearance of por- 
celain, he imagined it to be a femi-vitrification, and 
attended only to the means of flopping the procefs of 
vitrification at a certain ilage of its effect, or of caufmg it 
to become reverfed. He fucceeded in his undertaking, 
by filling bottles withfand and gypfum, andexpofing them 
to a potter's furnace. I have likewife produced the fame. 
effect by a very different procefs, though dependent on 
the fame theory. When I concentrate my oil of vitriol 
in the green glafs of our manufacture, that part of the 
retort which is continually ft ruck by the rifing oil of vitriol 
becomes white, and lofes its tranfparence. This pheno- 
menon confiantly takes place, whenever the fire is railed 
fomewhat more than ufual . The retort preferves its form; 
but all its alkali is extracted, and there remains only the 
quartzofe principle of a beautiful white colour, fomewhat 
cracked like the porcelain of Japan. As the decompofi- 
tion commences at the interior furface, which is imme- 
diately acted on by the vapours, this furface is frequently 

" enemies." — Paliffy anfwered, " Sire, I was perfer"|[y really to 
" furrender my life for the glory of GOD. If this a&ion could have 
" been accompanied with any regret, certainly it mult have vanifiicd 
" after hearing the great King of France fay, / am compelled. This, 
" fire, is a fituation to which neither yourfelf, nor thofe who force 
" you to aft contrary to your own difpofition, can ever reduce me : 
" becaufe I cm prepared ior death ; and bee; r your whole 

" people, nor your Majeity, pofftfs the power of forcing a fimple potter 
" 10 bend his knee before images." — Bernard De Paliffy was the full 
who affirmed that calcareous mountains are the remains of (hells. He 
has exhibited fuch a degree of intelligence and fagacity in all his 
writings, that he deferves to be placed among thofe great men who 
are an ornament to our nation. The very form of his works exhibits 
a proof of original genius. They confifl of dialogues between Theory 
and Practice" Practice is always the infiructor ; and Theory is 
reprefented as a fcholar, pioud of his own ur:derflandir.g, but indocile 
int. 
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rendered white, and difcoloured ; while the exterior fur- 
face remains perfectly vitreous, and exhibits a linking 
contraft. For, when the interior furface of the glafs h 
infpected, it prefents a white covering applied againft a 
furface of glafs ; forming, by the union of both, a thick- 
nefs no greater than that of which retorts are ufually made. 
Father Dentrecoiles fent from China the fubfiances 
ufed in the fabrication of porcelain : they are known by 
the names of Kaolin and Petunze. Similar fubftances 
were foon found in France ; and our porcelain manufac- 
tories, in a fhort time, equalled the mod beautiful pro- 
ductions of this kind, and even exceeded them in the 
beauty of defign and figure. The manufa&ory of Seves 
is at prefent. without contradiction, the firflin the world. 
Nothing can equal the beauty of its paintings, the regu- 
larity of defign, and the elegance of form, which are 
given to the veffels produced in this manufactory. 

Four principal operations may be diflinguifhed in the 
manufacture of porcelain. — i. The preparation, the mix- 
ture of earths, and the working of the pafle. 2. The 
firft baking, which forms the bifcuit. 3. The application 
and fufion of the glaze and covering. 4. The art of 
painting, which demands a third baking, in order that 
the colours may be better combined, fufed, and amal- 
gamated with the glaze. 

I have myfelf made very beautiful porcelain with the 
kaolin, which is found in veins in the granite of St. Jean 
de Gardonenque, and the feld fpar fo common in our 
mountains of Cevennes. 

The quantity of porcelain which is made in China is 
immenfe. There are five hundred furnaces, and near a 
million of men, employed at King-to-ching, a province 
of Kian-fi. 

Our clays poffefs other advantages Jikewife : they fcrvc, 
in the fulling-mills, to clean and full piece goods. The 
beft fullers earth is foft and foapy. 

The name of tobacco-pipe clay is given to a white clay, 
which preferves its whitenefs in the fire, and refills a 
violent heat. 

The fcaled earths, or terra figillatae, are clays upon 
which fuperftition has bellowed chimerical virtues. They 
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are imprefled with a feal, for the purpofe of deceiving tiic 
public with greater certainty and effrontery. 

Almoft all the marks, more efpecially thofe which arc 
found in ftrata, appear to me to be compofed of the fame 
principles. Much variation prevails with refpect to the 
proportion of thofe conflituent principles, and more ef- 
pecially with regard to the clay which predominates. 



SPECIES II. 
Aiumine, Silex, Pure Magnefia, and Iron. 

Mica, which remits from the mixture of thefe princi- 
ples, has been improperly confounded with talc. Mica 
is foft to the touch, but not greafy like talc. It poffi 
in general a more brillant and Icis earthy colour, if I 
may ufe thefe expreffions. 

The moll ufual colour of mica is white or yellow, 
inclining to red ; but it has been found of a grccnifh, 
red, brown, and other colours. 

Its texture likewifc varies : it is fcaly, lamellated, or 
ftriated. 

It fometimes exhibits the form of a fegment of an 
hexagonal prifm. 

It is ufually found mixed with fcld fpar, quartz, fchorl, 
&c. It almoit always exifts in the primitive rocks. Its 
fpecific gravity is from 2.535 to 3. coo when charged 
with iron. — Kir wan. 

The colourlefs mica is infufible. It is only partially 
foluble in foda, in which it becomes divided with effer- 
vefcence : it fulcs in the borate of foda, and in the phof- 
phate of urine, with fcarcely any effervcfccnce. 

The coloured micas are fufible. — See de Sauffure. 

The fragments of mica are employed, under the name 
of Cats Gold or Silver, according to the colour, as a 
land for drying ink upon paper. 

Its yellow colour, which confiderably refembles that of 
gold, often deceives the ignorant, who fuppofe that they 
have difcovered a mine of this precious metal when they 
find a few pieces of this (tone. 
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Mr. Kirvvan obtained from one hundred parts of colour- 
lefs mica, thirty-eight filex, twenty-eight alumine, twenty 
magnefia, and fourteen oxide of iron. 

SPECIES. III. 
Alumine, Silex, Magnefia,, Lime, and Iron. 

The mixture of thefe principles forms the horn-ftone, 
or horn-blende of the Germans. This ftone has a clofe 
grain, is difficultly pulverized, and is flightly flattened 
under the hammer. 

Its colour varies which is either black or of a greenifh 
grey ; and its texture is in general either lamellated or 
itriated. 

Its general characters are, partial folubilky in acids 
without effervefcence ; a degree of hardnefs which never 
amounts to that of affording fire with thefleel ; a fpecific 
gravity never lefs than 2.66, and frequently as high as 
3.88 a ttrong earrhy frnell, which it emits when bre ith- 
ed upon, or is moiftened with hot water ; a tenacity under 
the peltle, &c. — See Kirwan, who diftingui Ikes two 
varieties. 

variety 1. 

Black Horne-ftcne, Lapis Cornells Nitens Wallciii. 

Its texture is either lamellated or grained. In the firft 
cafe it is fometimes fo foft as to be capable of beinp* 
fcratehed with the nail. Its furface is frequently of a 
mining, greafy appearance ; and its fpecific gravity is 
from 3.6 to 3.88. 

Mr. Kirwan found that the lamellated fort contains 
thirty-feven parts filex, twenty-two clay, fixteen magnefia, 
two lime, and twenty-three oxide of iron. 

variety 11. 

Horn-ftone of a Greenifh Grey Colour. 

This variety is either of a granulated or ftriated texture. 
Mr. Kirwan found its fpecific gravity to be 2.683 > it is 
harder than the preceding 
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The pale greenilh hone is of this quality. Its grain is 
clofe; it emits an earthy imell, does not not eflervei'ee with 
acids, nor ftrike fire with fleel. It contains, according 
to Kir wan, fixty-five parts of filex to the hundred, and 
its fpecinc gravity is 6.664. 

SPECIES IV. 

Alumine, Silex, Carbonate of Magnefia, and of Lime with Iron. 

This fpecies, which comprehends the Hate or fchidus, 
does not appear to differ eirentially from the preceding, 
fince its principles are the fame, and there is no other 
difference excepting what depends on the ftatc of the 
lime and magnefia , which in this laft eflervefces flightly 
with acids, according to Kirwan. 

The Hate is an argillaceous flonc, whofe principal 

character is that of being divifible into very thin plates, 

ble of being wrought, and ofreceivingacertain polifh. 

The colour of the ilate is blue, of feveral degrees of 
intenfity ; but this colour varies, and exhibits the follow- 
ing (hades. 

VARIETY I . 

Blueifli Purple Slate. 

This is brittle, and of a lamellated texture ; does not 
give fire with the fleel ; its fpecific gravity is 2.876 ; it 
affords a very clear and filvery found, when divided into 
plates of an uniform thicknefs ; it flightly eflervefces with 
acids when it is reduced into powder, but not elfe. 

It forms black fcorise in a ftrona: fire. Soda aflifls its 
fuhon , and it is fufed fall more eafiiy with the borateof foda. 

From one hundred grains of this flate Mr. Kirwan 
obtained forty-fix filex, twenty-fix alumine, eight mag- 
. four carbonate of lime, and fourteen iron. 

Slates are ufed to form tablets, and to cover the roofs 
of houfes. 

VARIETY II. 

Black Slate. 
This receives a confiderable fine polifh when rubbed. 
The powder which is detached is white, and flightly ei 
fcrvefces with acids* 
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VARIETY III. 



Blue Slate. 

The blue flate contains lefs iron than the firfl variety. 
It is ufualiy hard, and of a very fine grain. 

VARIETY IV. 
Slate of a Pale White Colour. 

It is lefs martial than the other varieties, and is more 
diilicultly vitrified. 

Slates are ufed to form tablets, and to cover the roofs 
of houfes. 

species v. 

Alumine, Silex, Pyrites or Sulphure of Iron and Carbonate of Lime 
and of Magnefia. 

The fchiftus which remits from this combination is 
known by the name of Fyritous Schitlus, 

The pyrites are fometimes difperfed in the mafs, in the 
form of cubical cryftals. Sometimes they are diicovered 
only by analyhs, or by the fpontaneous decompofuion of 
the ftone. 

The mountains which afford thefe fchifti appear to me 
to be marine depofitions. Impremons of leaves, of fifhes, 
and other characters, are frequently obferved, which 
leaves no doubt of their origin. 

The pyrites fbon efilorefce when the concurrence of air 
and water afliits their decomposition ; and the refults then 
arefulphuric falls, with bafes of magnefia, alumine, iron 
and lime. When the fulphate of alumine predominates, 
it is called aluminous fchiftus. Moil of the alum ores 
wrought in Europe are of this nature. We have feveral 
in Provence which might be wrought ; the fchifti of Ve- 
bron in the Gevandan, thofe of CurvaHe in the Albigeois, 
afford much alum by their decompofuion. 

When the magnedan principle prevails, the efflorefcence 
eonfiils of Epfom fait. I have difcovered a mountain of 
this kind in Rouergue, in the neighbourhood of Saint 
Michael. 

Thefe cfHorefcences of alum or Epfom fait are always 
more or lefs abundantly mixed with the fulphates of iron 

Mm 
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and of lime ; becaufc the fulplmric acid, which is formed 
by the decompofition of the pyrites, attacks and diffolves 
all the principles contained in the fchiftus. 

The decompofition ofthefe pyrites may be haftened 
expofure to air, calcination, &c. 

SPECIES VI. 

Alumine, Silex, the Carbonates of Lime and of Magnef 
Sulphure of Iron, and Bitumen. 

This fchiftus does not differ from the foregoing, 
ing in confequence of its being impregnated with bitumen. 
It is ufually of a black colour, which it owes to its bitu- 
minous principle. Its confidence is various ; it is fome- 
times divilible in flakes, and, its furface is either fmooth 
or rugged. 

CO r 

Thcte are the fchifti which ufually form the focus of 
volcanos. When their decompofition is favoured by air 
or water a prodigious heat is excited, hydrogenious gas 
is produced, which exerts itfelf againfl the furroui. 
obftacles, and takes fire when it comes in contact with 
the air. It is this intefline labour which cccafions the 
Ihocks and tremulous agitations that precede the eruptions 
of vi Icanos. The action of volcanos rauft be more lading 
and terrible, in proportion as the quantity of aliment and 
the focus are the more confiderable. 

We might, in ftri&nefs, place the pit-coals here, as 
they do not differ from this fchiflus but in their greater 
abundance of the bituminous principle. We daily ol. I 
fpontaneous inflammationto take place inheaps ofpyritous 
coal, and the fame effect happens even in the midft, of 
the veins which are wrought. Several examples of this 
maybe pointed out in the kingdom of France. There 
even exifts at Cranfacin Rouergue a true burning volca- 
no. The mountain which contains the coal is prodigioufly 
hot, and flames are perceived from time to time on its 
fumm;t, which iffue from its bowels. All thefe pheno- 
.1 depend on the fame caufe ; and from the fmall 
artificial volcano of Lemery, to the terrible eruptions of 
Vefuvius, there is no other difference than what confifts 
in the magnitude of the caufe. 
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When the earthy and metallic principles which form 
the bafis of bituminous fchifti, are ftrongly heated, and 
almost vitrified by the fire which produces their decompo- 
sition, they conftitute volcanic products. 

species vii. 

Alumine, Silex, Lime, andWater. 

This ftcne which is called Zeolite, was unknown to 
mineraiogifts before the celebrated Cronftedt gave a de- 
fcription of it. 

It is usually of a femi-transparent white ; but this colour 
is fometimes altered by metallic mixtures, and then it 
afTumes all kinds of tinges. 

The name of Zeolite has been given to it on account of 
its property of forming a jelly with acids. This property 
has even been confidered as excluiive and chara&eriftic. 
But Mr. Swab has very juftly obferved, in the year 1758, 
that all zeolites do not pollers this property ; and Mr. Pel- 
letier has proved in the twentieth volume of the journal 
de Phyfique that this property is not even peculiar to 
zeolites. 

The exiftence of zeolites in certain lavas has induced 
fome naturalifts to confider them as produced by the 
decompoiltion of volcanic earths. 

The moft beautiful zeolites come to us from the iflands 
ofFerroe near Iceland. ■ The form of this {tone is con- 
flant. The radii which compofe it diverge as it were 
from a central point, and are difpoled after the manner 
of a fan. The radius which terminates at the external 
furface, is found to exhibit a trihedral or tetrahedral 
pyramid. 

The white zeolite affects two principle forms, the cube, 
and the tetrahedral prima, fometimes flattened, and termi- 
nated by an obtufe tetrahedral pyramid. 

Its fpecific gravity is from. 2.1 to 3.15. 

The zeolite, expoied to a (trong heat, dilates, and 
fwells more orlefs, according to the proportion of water 
it contains, and at length melts into a porous icoria. Soda 
fufes with it with efforvefcence ; the borate of foda dif- 
folvcs it more difficultly ; and the phofphates of urine 
have fcarcely any action upon it. 
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Bergmann obtained from one hundred parts oi the red 
zeolite of Adelfort, 83 filex, 9.5 alumine, 6.5 pure lime, 
and 4 water. — Letters on Iceland, p. 370. 

The white zeolite of Ferroe contains, according to Pel- 
letier, fifty filex, twenty alumine, eight lime, and twenty- 
two water. — Journal dc Phyfique, t. xx. 

Meyer obtained from a radiated zeolite 51.33 filex, 
17.5 alumine, 6. 66 lime, 17.5 water. 

Mr. Kirwan rightly obferves, that the cryftallized fpe- 
cies contain rnoie water than the others. 

genus v. 

Siliceous Mixtures. 

We fhall place in this genus all the Hones which give 
fire with the ftecl. 

species 1. 

Silex, Alumine, Lime, and Iron Intimately combined. 

The mixture of thefe feveral earths forms the precious 
Hones or gems. Ail the varieties of gems depend on 
their colour, hardnefs, brilliancy, weight, the proportion 
of their conftituent parts, and their more or lefs intimate 
combination. 

The numerous experiments of the celebrated Bergmann 
on precious flones, have thrown the greateft light on their 
nature and composition. The anal'yfes of MefTrs. Gerhard, 
Achard, &c. by exhibiting a Ariel identity of principles, 
have confirmed to us the remits of the famous Swedifh 
chemift ; and it appears that no reafonable doubt can now 
be formed againft thofe principles. 

As gems or precious ftones arediftinguimed in commerce 
by their colour, we mail preferve this eftablifhed diflinction. 

DIVISION I 
? - 1 Gems or Precious Stones—the Ruby, Garn et, &C. 
1. The ruby is a precious ftone of a fiery red colour, 
ele&rical by friaion, giving fire with the ftecl, the moil 
ponderous and the hardeft of precious ftones. It cryftal- 
lizes in long hexahedral pyramids applied bafe to bafe, 
without an intermediate prifm. 

Its fpcctfc gravity is from 3.18 to 4.283. It is not 
vitrified in the°fire without addition ; and even redds the 
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action of the burning mirror. Flame urged by vital air 
eafily fufes it. It does not lofe its colour at the degree of 
heat which is fuflicient to melt iron . The borate of Soda 
and the phofphates of urine fufe it. 

One hundred parts of ruby contain, according to Berg- 
mann, forty alumine, thirty-nine filex, nine lime, and ten 
iron. 

The lapidaries, with whom hardnefs and tranfparency 
are the principal characters of ftones, diitinguifti rubies of 
different colours ; and the inhabitants of Pegu, who confi- 
der the modifications of the colouring principle as differ- 
ent degrees of maturity, confound the topaz and the 
fapphire under the name of rubies, of which they make 
three varieties. 

The name of Spinelle ruby, or Balais ruby, is given 
to the fame kind of ftone, accordingly as its colour is of a 
pale or a deep red. This ruby cryftallizes in octahedrons 
and has a lefs fpecific gravity than the oriental ruby. 

2. The garnet is tranfparent when it is not over-loaded 
with iron. It is in general obedient to the magnet, and 
of a yellowifh red. The forms of the garnet appear to be 
derived from the rhomboidal parallelopiped, terminating 
in fix equal rhombufes. 

They vary prodigioufiy in colour, and thefe varieties 
are — 1 . The red, or the carbuncle of Theophrafius, 
according to Hill : it has a deep red colour. 2. The 
Syrian garnet, of a deep red {lightly tinged with yellow, 
3. The violet garnet, of a beautiful red mixed with 
violet. 

All the garnets, whether denominated oriental or acci- 
dental, rank in one of thefe three claffes. 

Garnets change in the fire into an enamel of a blackiih 
red. They are ftrcngly attacked by the borate of foda, 
and the phofphates of urine. 

Garnet is found in fmall grains in fand ftone (.gres) or 
in fchiftus. 

The texture of the garnet is lameliated, and its fracture 
vitreous. 

Its hardnefs is inferior to that of other crems, but it 
exceeds that of rock cryftal. 
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Its fpecific gravity is from 3.6 to 4.188. 

One hundred parts of garnet contain, according 
Mr. Achard, 48.3 filex, 30 clay, 11.6 lime, 10 iron. 

They fometimes contain tin, or even lead ; but this u 
feldom . — Bergm ann . 

DIVISION J I. 

Yellow Gems or precious flcnes — the Topaz, the Hyacinth, &c. 

i The topaz is of a gold colour. We are acquainted 

1 two principal varieties : the occidental or Brazilian 

topaz, which has the beautiful deep yellow colour of gold ; 

and the oriental, whofe colour is lighter. The Saxon 

:z refembles the latter. 

The oriental topaz lofes neither its colour nor its tran- 
fparency in the porcelain furnace. The Brazilian topaz 
lofes its polifh, its hardnefs, and its tranfparency, but 
without melting. 

The oriental topaz affects the octahedral form- 

The Brazilian topaz cryfcaliizes in rhomboidal tetra- 
hedralprifms, grooved longitudinally. They are termi- 
nated by two tetrahedral pyramids with fmooth triangu- 
lar faces. 

The Saxon topaz exhibits long fubo£l. prifms, 

terminated by hexahedral pyramids more or lefstruncated 
at their bafe. 

The fpecific gravity of the oriental topaz is to that of 
water as 40,1 c6 to io,oco; that of the Brazilian topaz 
35,365 to 10,000. — See BritTon. 

The analyfis of one hundred parts of topaz afforded 
inann forty-fix clay, thirty-nine filex, eight carbonate 
of lime, and fix iron. 

1. The oriental, hyacinth is of a reddifh yellow colour. 

It is ufually a d in the form of a rectangular 

tetrahedral prifm, terminated by two quadrangular pyra- 
mids with rhombic faces. 

It lofes the brilliancy of its colours by the fire. M. 
Mongez conhders it as infufible by the blow-pipe. Mr. 
Acfi 1 ms that he fufed it in a wind furnace- 

One hundred parts a fforded Bergmann forty alumine 
twtnty-five filex, twenty carbonate of lime, and thirteen 
iron. That of which Mr. Achard has given the analyfe6, 
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contained 41.33 alumine, 21. 66 filex, 20 carbonate of 
lime, 13-33 i r on. 

Hyacinths are found in Poland, in Bohemia, in Saxony, 
Velay, &c. 

The hyacinth, rendered white by fire, is known by 
the name of Jargon. According to Mr. Lavoifier, the 
hyacinth of Puy in Velay becomes white in fire urged by 
vital air. 

Its fpeciflc gravity, compared with that of water, is as 
36,873 to 10, ceo. — See BrifTon. 

division in. 

Green Gems — the Emerald, Chrysolite, Beryl, &c. 

1. The Peruvian emerald is of a green colour, electrical 
by friction, and cryftallized in hexahedral prifms, trun- 
cated flat at each extremity. 

Thejafpers, or green fchorles, which are called prafe 
or mother emerald, have often been confounded with the 
emerald. 

Cryftals of emeralds are frequently found inferted in 
the gangues of quartz, and even of fpar. 

According to Mr. Sage, the more tranfparent emeralds 
are, the tefs their colour is changed in the lire. They 
become opake, and of a greenifli white. There are fome 
which are reduced to enamel at their furface. 

Mr. Darcet affirms, that in his experiments the eme- 
rald loft its tranfparency, and moft of its colour, but that 
its form was not changed. In the experiments at Vienna 
in Auftria, the emerald melted in twenty-four hours ; and 
at Florence it was fpeedily fufed by the burning mirror. 
Mr. De SaufTure fufed it bv the blow-pipe into a compa£l 
grey glafs ; and Mr. Lavoner, with a ilream of vital air, 
fufed it into an opake milky bubble, whofe internal part 
was greenifli. 

Its fpecific gravity, compared with that of water, is in 
the proportion of 27,755 to 10,000. 

Gne hundred parts afforded Bergmann fixty alumine, 
twenty-four filex, eight lime, fix iron. 

Achard obtained 60 alumine, 21.26 filex, 8.33 lime, 
and 5 iron. 
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The emeralds which come from America are called occi- 
dental. Peru and the Brazils afford the moil beautiful : 
they may he diitinguilhed by the colour ;' that of Peru 
is of a latin colour or appearance ; the colour ot the Bra- 
zilian is iefs lively. 

The emerald is the lofted of gems, and may be feratched 
by the topaz, the fapphire, &c. _ , 

2. The chryfolite or peridot is of a green colour, ilightly 
inclining to yellow. 

Its form is that of an hexahedral pyramid with unequal 
fides, frequently llriated, and terminating in two hjM- 
hedral pyramids. 

Mr. Sage affirms that this Hone fulTers no alteration in 
the moll violent heat, its colour not being fo much as 
altered: and the fame chemifl pretends that Wallerious 
did not operate on a true chryfolite, becaufe he affirms 
that it loil its colour. Meffrs. Lavolier and Erhmann 
fufed it into a white, dirty, dull-coloured glafs, by the 
affiftance of vital air. 

The fpeciiic gravity of the Brazilian chryfolite is in pro- 
portion to that of water as 26,923 to 10,000 — BriiTon. 

Mailes of granulated chryfolite of various fhades of 
green colour are found in the prifmatic bafakes, and in 
ilveral other volcanic products. 

Thefe chryfolites are common in the volcanos of our 
province. Mr- Sage received from Auvergne an hexa- 
gonal prifm fix inches in diameter, formed by the union 
of chryfolites of different colours. 

3. The beryl, or aqua marina, is of a very blueim 
green. 

The Saxon beryl, as well as that of Siberia, fent to 
Mr. Sage by Mr. Pallas, exhibits hexahedral, llriated, 
truncaied prifms, of a lamellated texture. 

The pure beryl decrepitates in the fire, lofes its tranf- 
parence, and is tuiible by the blow- pipe. 

Its fpeciiic gravity, in proportion to water, is as 35,489 
to io,ccc, for the'oriental aqua marina ; and 27,227 to 
10,000 for the occidental — Brifibn. 

A blue aqua marina, in long, flattened, tetrahedral 
prifms, grooved longitudinally, and united fideways,^ is 
found among the granites of Spain, and on the declivity 
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of Saint Symphorien, near Lyon. This ftone is very 
common at Baltimore in America. 

DIVISION IV. 
Blue Gems — Sapphire. 

The colour of the lapphire is a Iky-blue. The fap- 
phires of the brook d'Expailly have a green tinge, and 
change in the fire in the fame manner as thofe of the 
Brazils ; whereas the oriental lapphire is not changed in 
our ordinary furnaces. Mr. Erhmann caufed the clear 
oriental fapphire, and of a perfect blue, to run into an 
opake white globule by fire excited by the ftream of 
oxigene. 

The experiments of MefTrs. Achard, Sage, D'Arcet, 
Erhman, Lavoifier, Geyx, Quift, &c. exhibit a variety 
of refults in the analyfes of gems by fire, which can be 
attributed only to the manner in which they applied it ; 
and more efpecially to the very variable nature of the 
ftones upon which they made their experiments. 

The oriental fapphire, and that of Puy, have the form 
of two very longhexahedral pyramids joined and oppofed 
bafe to bafe, without any intermediate prifm. Mr. Sage, 
faw a fapphire in a rhomboid al cube, or fix-iided figure. 

The fapphire analyfed by Bergmann afforded him per 
quintal, 58 parts alumine, 2,5 file*, 5 lime, and 2 iron. 

Mr. Achard obtained from his analyiis 58.33 alumine, 
33.33 fiiex, 6.66 lime, and 3.33 iron. 

The fpecific gravity of the lapphire of Puy is in pro- 
portion to water as 40,769 to 10.000; that of the white 
oriental fapphire is as 39,91 1 ; and that of the Brazilian 
fapphire is as 31,307. 

SPECIES II. 

Silex, fometirr.es pure, bur. oftener mixed with a very fmall quantity of 
Alumine, Lime, and Iron. 

This fpecies eftentiaily comprehends quartz and rock 
cryftal. 

The name of Quartz is given to the opake, or irregu- 
larly-figured vitrifiable ftone ; and that of Roc 1 ;, Gr.y! 
to the fame ftone crvftallized. As the principles are 

N n 
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nearly the fame, this circumftance naturally eftabliflics a 
divifion of thefe Hones into two clafTes. 

Division l. 

Rock Cry ftal. 

Rock cryftal is a ftone wliich exhibits filex in a ftatc 
more nearly approaching to purity than in any other 
natural fubftance yet obferved. Mr. Gerhard has even 
four;! fpecimens perfectly pure; but. one hundred parts 
of cryftal, ftrictly analyfed by Bergmann, afforded him 
ninety-three parts filex, fix alumine, and one lime. 

The ordinary form of rock cryflal is that of an hexa- 
hedral prifm, terminated by pyramids of an equal num- 
ber of fides. The varieties of the feveral cryftals may 
be reduced to this geometrical form. — Confult Rome de 
Li/le. 

Quartz cryftallizes likewife in cubes. This form exifts 
in various fpecimens in the cabinets of Germany ; and 
Mr. Macquart brought a fpecimen with him to France. 

The formation of this cryilal appears to be owing to 
water, for we often find this fluid in the internal part of 
cryftals ; and they are evidently formed in the clefts and 
cavities of the primitive rocks, by the concurrence of 
this agent. But hitherto we have acquired very little 
knowledge refpecling the circumftances of this operation. 

Bergmann obtained rock cryftals by duTolving filex in 
the fluoric acid, and fuflering it to evaporate lloivly. [ 
left on the tables of my cabinet of mineralogy a receiver 
and a retort, in which I had made the acid of fluor; and 
when I had occafion, two years afterwards, to infpecl this 
apparatus, I found the receiver almoft entirely corroded, 
and its interior furface lined with a fubtle powder, in 
which thoufands of reck cryftals might be difcerned. 

Mr. Achard informed the public that he had obtained 
rock cryftals by caufing water impregnated with carbonic 
acid to filtrate through clay. Mr. Magellan even pre- 
fented thefe cryftals to the Academy at Paris; but the 
experiment, though repeated with the greateft care by 
feveral chemifts of the capital, was not attended with 
the fame remits; 
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Since that cpocha, Mr. De Morveau, having inclofed 
rock cryftals with a bar of iron in a bottle filled with 
gafeous water, perceived a vitreous point fixed to the iron, 
which he fuppofed to be a rock cryftal formed by this 
operation ; fo that he confiders iron as a neceflary inter- 
medium to enable the carbonic acid to diflolve quartz. 
This confequence of* Mr. De Morveau appears to agree 
with many facts which have been collected concerning 
the formation of rock cryftal. We fee it formed in ochre- 
ous earths ; and I poffefs ochres in my collection which 
poffefs many of thefe fmall two-pointed cryftals. 

It appears to me that it is not neceflary to feek for a 
folvent for filex, in order to explain the formation of rock 
cryftal. The fimple divifion of this earth appears to me 
to be fufficient for the purpofe : and I could bring nume- 
rous facts to fupport this affertion.— See the article Cryf- 
tallization. 

It is proved by the obfervations and experiments of 
Mr. Genffane, that a quartzofe gurh is formed by fimple 
tranfudation upon rocks of this nature ; and the fame 
naturalift has taken notice that, when the gurh is worn 
and depofited by water, rock-cryiials are formed. The 
waters which work their way through the quartzofe 
rocks of the mine of Chamillat, near Planehe les Mines 
in Franche-comte, form quartzofe ftalacHtes to the roof 
of the works, and even upon wood. The extremities 
of thefe flalactites which have not yet affumed a fblid 
confidence, are of a granulated and cryflalline fubftance, 
eafily crumed between the fingers. 

In thefe cavities, called craques by the miners, a fluid 
gurh is often found, and ftilloftener cryftals ready formed. 
I have feen at Saint Sauveur, in the work of La Boiffiere, 
near Bramebiaou, feveral incruftations of gurh on the fides 
of the gallery; and thefe fpreading incruftations were ter- 
minated by well-formed cryftals, wherever the wall over- 
hung or deviated from the perpendicular. This gurh, when 
handled, and minutely examined, had no other appearance 
than that of a iiliceous pafte of confiderable purity. 

The fame effects appear to take place with regard to 
rock cryftals, as with the calcerous fpars. They are 
formed whenever their principles, in a ftate of extreme 
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divifion and attenuation, are fufpended by water, and 
depofked with all the circumflances which nature requires 
in order that cryftallization may take place. I do not even 
think it neceffary to recur to the property which water 
poffeffes of fenfibiy diffolving lilex, to explain the forma- 
tion of thefe cryftals : and we mall refer the formation of 
quartzofe flalaclites, agates, &c. to the fame caufe. 

Rock eryftal is frequently coloured by iron, in which 
cafe it afTumes peculiar fhades which have been denoted 
under different names. We fhall place them here as 
fimple varieties. 

VARIETY I. 
Red Cry Hal— False Ri 

It is frequently mixed with different fhades. Its colour 
is deftroyed by fire, according to Mr. D'Arcet. It is 
found in Barbary, in Silefia, in Bohemia, &c. 

When it is of a dull red, it is called the Hyacinth of 
Compoftella. 

VARIETY II. 
Yellow Cryftal — Bohemian Topaz. 
It has fometimes a tinge inclining to yellow ; its co- 
lour is often internal only. It is found in Velay, near 
Briftol in iingland, &c. 

VARIETY III. 
Brown Cryftal — Smoky Totaz. 
This brown tinge varies from a light brown to a deep 
black. It is affirmed that they may be rendered clear by 
boiling them in tallow. — See Journal de Phyfique, t. vii. 
p. 360. 
It is found in Switzerland, in Bohemia, in Dauphiny , &c. 

VARIETY' IV. 
Green Cryftal — False Emerald. 

This is the moft fcarce and the moft precious of colour- 
ed cryftals. It is found in Saxony and Dauphiny. 
variety v. 
Blue Cryftal — Water Sapphire. 
It does not appear to differ from the true fapphire, 
excepting in being lefs hard. I have fcen a fpecimen 
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which had this colour. It is found in Bohemia, in Silefia, 
and at Puy in Valay, which has caufed it to be called 
the Sapphire of Fuy. 

VARIETY VI. 

Violet Cryftal — the Amethist. 

Its colour is more or lefs deep; and it aiiumes a confi- 
derable brilliancy by polifhing. When the cryftal is only 
half coloured, it is called Prime d* Amethifte. It loofes its 
colour by a ftrong fire, according to Mr. D'Arcet. This 
cryftal is found ot fufiicient magnitude to form columns 
of more than one foot in height, and feverai inches in 
diameter, 

DIVISION 11. 

Quartz. 

Thofe fpecimens of filiceous ftone in which no regular 
form appears, and which we here comprehend under the 
name of Chiartz, poflefs various degrees of tranfparency. 

Its colour differs prodigioufly ; and it may be diftin- 
guifhed into varieties and lhades perhaps more numerous 
than in rock cryftal itfelf . 

It feldom forms entire mountains, but almoft always 
interfects, by veins more or lefs wide, the mountains of 
primitive fchiftus. A t all events, I have made this obfer- 
vation in every mountain of this kind which I have exa- 
mined. 

The blocks of quartz, detached by waters, are rolled, 
rounded, and depofited in the form of large ftones on the 
banks of rivers. The fame ftones, more attenuated, form 
the quart zofe pebbles ; and thefe,ftill more divided, pro- 
duce fand. 

This ftone is very refractory. It is ufed as the bafis.of 
bricks employed in the conftruclion of giafs furnaces. 
For this purpofe it is calcined to whitcnefs, and in that 
ftate thrown into water. By this means it may be eafily 
reduced to powder, and difpofedto form a combination 
with clay. 

Quartz, well pounded, and ufed in the conipofition of 
bricks, does not equally refill the imprefiion of fire, if the 
precaution of calcining it, and extinguifhing it in water,, 
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has not been taken. I have obtained a proof of this I 
by employing the fame kind of quartz in both wa) 

This fand forms an excellent mortar with good lime ; 
and, when fufed with alkalis, it produces a very beautiful 
glafs. 

SPECIES III. 
Silex, Alumine, Lime, a::d Iron, intimately mixed. 

The flate of finenefs in the confHtuent principles, and 
their more or lefs intimate mixture or amalgamation, 
appear to us to eftablifh two divifions among the ftones of 
this fpecies. We (hall accordingly diftinguifh them into 
coarfer flints and finer flints. The firft form gun flints 
petrofilex, he. ; the fecond comprehend agates, calce- 
donies, &c. 

division i . 

The Ccarfer Flint?. 

In this place wc mail arrange two fiones which appear 
to differ only by a more or lefs evident degree of tranfpa- 
rency. The iilex, or Hint properly fo railed, is femi-tranf- 
parent,when very thin, as for example at its edges: the 
petrofilex has a more opake colour. 

i. Gun Flint. — The gun flint gives fire with ftcel : its 
colour is ufually brown ; and its furface very frequently 
exhibits a whiter colour than the middle, and lels hard 
than the nucleus of the flone. This external part flicks 
to the tongue, and indicates a commencement of decom- 
pofition . 

The abbe Bacheley has alTerted that marine produc- 
tions, fuch as polipiers, fhclls, &c. are capable of pairing 
to the flate of gun flint. — journal de Phyfique, Supple- 
ment, 1782, t. XXV. 

The fpecihe gravity of gun flint is from 2.65 to 2.7. 
This flone does not melt in the fire; but it becomes white 
and brittle by repeated calcinations. 

The common brown filex afforded by analyfis to Mr. 
Wiegleb, per quintal, eighty filex, eighteen alumine, and 
two iron. 
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2. Petrofilex. — The colour ofpetrofilex is a deep blue* 
or a yellowifli grey. It is interfperfcd in veins through 
rocks ; and from this circumftance it derives its name. 

Its fpecific gravity is from 2.59 to 2.7. 

It becomes white in the fire like gun flint ; but it is 
more fufible, for it Hows without addition. Soda does 
not totally diffolve it in the dry way ; but the borate of 
foda, and the phofphates of urine, diffolve it without 
effervefcence. 

Mr. Kirwan obtained from a petrofilex, ufed in the 
manufacture of porcelain by Mr. Lauraguais, feventy-two 
parts hlex, twenty-two alumine, and fix lime, in the 
quintal. 

division 11. 

The Finer Flints. 

This divifion exhibits feveral ftones, which, though 
diftinguifhed by names and a different value, are never- 
thelefs only varieties of each other. We {hail content 
ourfelves with enumerating the chief. 

I. Agate. — This is a femi-tranfparent filex of a very 
fine body. Its texture is vitreous ; and its hardnefs fuch 
that it refills the file, gives fire with the fleel, and takes 
the mod beautiful polifh. 

The agate when expofed to the fire, lofes its colour, 
becomes opake, and does not melt. 

The varieties of agates are infinite. They are founded 
on the colour ; and they are diftinguifhed into clouded, 
punctuated, fpotted, irifed, herborized, moffy, &c. See 
Daubenton. — The name of Onyx is given to that kind of 
agate which is formed by concentric bands. Mr. Dau- 
benton has proved that the agate which has received the 
name of moffy, is really coloured by fmali moff/ vegetation. 

The purefi agate is white, tranfparent, and nebulous. 
Such is the oriental agate, which befides appears as if it 
had protuberances or knobs on its furfaces. 

Its fpecific gravity is 2.64. I confider the agates, and 

the other flints concerning which we fhall proceed to treat, 

as quartzofe ftalactites. The fides of geods which are 

ao-atized. and the ftrata of thofe flints which are found in 
o 
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places where infiltrations produce rock cryftals, appear to 
me conclufive in favour of this doctrine. Tl have 

the fame relation to quartz as the alabafters to calcareous 
ftones, and the theory of their formation is the fame. 
Mr. Dorthes has exhibited many proofs of this theory 
refpecting the formation of thefe ftones. 

2. The Opal. — The femi-tranfparent agate of a milky 
whitenefs, which exhibits a glittering, changeable, inter- 
nal colour of a blue, red, and green tinge, is known by 
the name of Opal. That which comes from Hungary has 
a kind of greyifh clay for its gangue. The mod beautiful 
opal is the oriental opal ; ibmetimes called the fpangled 
opal, becaufe its colours appear like equal fpots distributed 
over its whole furface. Thefe opals have received various 
names, according to the colours they reflect. 

The chatoyant ftones, or fuch as vary their colour ac- 
cording to the pofition of the light, and the eye of the ob- 
ferver, are varieties of the opal. Such are the girafol, the 
cat's eye, the fifh's eye. 

The reflected rays of the girafol are weak, blueifh, and 
mixed with an orange yellow. This ftone has been found 
in the lead mines of Chatelaudren in Britanny. The mod 
obvious character of the girafol is, that it exhibits in its 
internal part a luminous point ; and reflects the rays of 
light in whatever pofition it may be turned, when it is 
cut into a globe or hemifphere. The cat's eye has a point 
near the middle, from which proceed, in a circle, greenifh 
traces of a very lively colour. The mofl beautiful ftones 
of this kind are of a grey and mortdore colour. They 
come from Egypt and Arabia. 

The fifti's eye does not differ from the cat's eye t xccpt- 
ing in its colour, which is blueifa : it is found at Java. 

3. Calcedony. — The calcedony is a femi-tranfparent 
agate of a milky whitenefs, differing from the foregoing 
in not poffelling the chatoyant property, or changeable- 
nefs of colour. 

It has been found in the mines of Cornwall, in ftalactites 
of lingular elegance. Thefe calcedonies are almoft always 
covered with protuberances like the ftalagmites. 

The protuberances appear to be formed by the fuccef- 
five appofition of feveral ftrati or coatings. 
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In Monte Berico, in the territory of Vicenza, geodes 
of calcedony are found which inclofe water. They are 
called Enhydria. 

I pollers, in the Mineralogical Cabinet of the province, 
calcedonics of Auvergne, which appear to be chryftalUzed 
like rock-chryftal. The chryftals have all the fat and unc- 
tuous appearance of the fame balls which are difperfed on 
the rock ; but when they are broke, it is feen that the ap- 
pearance arofe from covering of calcedony over the chry- 
llal of quartz. 

Mr. Bindheim analyfed calcedony, and found, in the 
centenary, 83. 3 lilex, 11 lime, 1. 6 alumine, and a fmall 
quantity of iron — Schrift. Natur. For. Free. t. iii. p. 
429. 

Mr. Darcet did not fucceed in fufing calcedony, but it 
loft its colour. 

Calcedony has often a fhade of blue, yellow, or red. 

Mr. De Carozy and Mr. Macquart obferved in Poland 
the transformation of gypfum to the ftate of calcedony. — 
See the ElTai de Mineralogie par M. Macquart premier 
memoire. 

Cacholong. The white and opake calcedony is known 
by the name of Cacholong. Its texture refembles that of 
quartz, and it becomes white in the fire. This ftone is 
capable of a fine polifh. It is found on the banks of a 
river named Cach, near the Kalmouks of Bucharia, in 
whofe language the word eholong fignifies ftone. 

An imaginary value has been given to a modification of 
the cacholong, which has the property of becoming- trans- 
parent after having been plunged in water. This is called 
Hydrophanes, Lapis Mutabilis, Oculus Mundi. Mr. 
Dantz brought hydrophanes to Paris, which became tranf- 
parent when plunged in water. 

Mr. Gerhard, on the 28th of Augtift 1777, read to the 
Academy of Berlin, Obfervations on the Hydrophanes. 
He found that this ftone contained two-thirds of clay, and 
one third of filex. This celebrated naturalift affirms that 
the hydrophanes was known to Boyle, who faw one of 
them, about the fize of a pea, fold in London for two hun- 
dred pounds fterling. 

O o 
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The bydrophanes is fufible in the lire. Soda cliiTol\ - 
it with effervefcence ; the borate of ibcla, and the phof- 
phates of urine, without effervefcence. 

5. Carnelian. Sardonyx. The carnelian is a fpecies of 
agate, nearly tranfparent. It is called Carneole when it 
has the colour of flefh. Its hardnefs varies prodigiouily. 
Thofe which are white or yellowifh are not fufficiently 
hard to give fire with the fteel. When ignited it loies its 
colour, and becomes opake. The moll beautiful fpeciniens 
refemble the garnet. Its fpecific gravity is from 2.6 to 2.7. 

The fardonyx is a femi-tranfparent lilex, of an orange 
colour, more or lefs deep. It is knobbed like the calce- 
dony ; and poiTefies the hardnefs and fpecific gravity of 
that ftone. Its habitude in the fire refembles that of the 
agate. In the Royal Wardrobe of France there are vefTels 
of fardonyx, of an aftonifhing magnitude and beauty. The 
famous murrhine vales were of fardonyx. Sage, t. ii. p. 163. 

SPECIES IV. 
Silex, Alumine, and Iron. 

Jafper is one of the hardefl: ftones we are acquainted 
with. It is fufceptible of the fined polilh ; and its colour 
varies prodigiouily, which has occafioned it to receive the 
names of Sanguine Jafper, Green Jafper, Flowered Jaf- 
per, Sec. 

Mr. Wedgwood allured Mr. Kirwan that Jafper hardens 
in the fire without melting ; and Mr. Lavoifier could not 
obtain a perfect fufion by the alliftance of oxigenous gas. 
The furlace only becomes vitreous. 

Mr. Gerhard alferts that fome fpecies are fufible ; and 
Mr. Kirwan attributes this property to the mixture of lime 
and iron which produces the fufion. 

Its exceffive hardnefs has induced the lavages of Canada 
to avail themfelves of it in the fabrication of the heads of 
javelins. 

Mr. Dorthes has found among the worn ftones of the 
Mediterranean Ihore, javelin-heads of porphyry, jafper, 
horn- ftone, fchorl, variolite, &c. probably fabricated by the 
ancient inhabitants, the Gauls. 
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Thefe javelin-heads are commonly known by die name 
of TiiunJer-flones, and are diitinguifhed by lithologifts by 
the name of Ceraunites. 

species v. 

Silex, Alumlnc, Lime with a fmall portion of Magnefia, and Iron. 

This fpecies comprehends all the fchorls ; and mod of 
the volcanic produces. As the tourmaline is evidently 
nothing more than a variety of the fchorl, we Hull place it 
here, though analyfis has not difcovered an atom of mag- 
nefia in it, and die nature of its principles confounds it 
with precious Hones. Moreover by placing it between 
thefe and the fchorls, it poffefles a Situation afiigned to it, 
as well by its natural characters as by its conflituent prin- 
ciples. 

I. The Tourmaline. This ftone pofleiles the tranfparen- 
cy of the fchorl. Its appearance and fracture are vitreous, 
its texture lamellated, its hard ne Is fo confiderable as to cut 
glafs. When heated to the two-hundredth degree of Fah- 
renheit, it becomes electrical : a ftronger fire deprives it 
of this property. It is fufibleby the blow-pipe, with ebul- 
lition : the pure tourmaline was melted into a black glafs, 
in the experiments of Mr. Lavoifier. 

Tourmalines have been found in the ifland of Ceylon, 
in Tyrol, and in Spain. 

Its form is that of a nine-fided prifm, terminated by 
two flat trihedral pyramids. Mr. De Joubert pofTeffes one 
whole prifm is feven inches and a half long, and eleven 
inches in circumference. 

The prifmatic tourmaline has no electric effect but ac- 
cording to the direction of its column : the fphere of acti- 
vity of the Spanifh tourmaline is more extenfive than that 
of Tyrol. 

The valuable refearches of Bergmann upon this Hone 
may be confulted in his dilfertation concerning its analyfis. 
Mr. Tofani has annexed a fet of interefling notes to his 
translation of this work. 

The remits of Bergmann's analyfis exhibit its compo- 
nent parts in the following proportion : 
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t. The tourmaline of Tyrol contains alumine forty-two, 
filex forty, lime twelve, iron fix. 

2. The tourmaline of Ceylon, alumine thirty-nine, files 
thirty-feven, lime fifteen, iron nine. 

3. The tourmaline of Brazil, alumine fifty, filex thirty- 
four, lime eleven, iron five. 

The fpecific gravity of the tourmaline of Ceylon is 
30,541, that of Spain and of Tyrol is 30,863, water being 
10,000. — See Eriffon. 

II. Schorl. The diflinct properties of fchorl are, an ap- 
pearance of femi- vitrification, fufibility in a moderate fire, 
and hardnefs approaching to that of chryflal. 

There are few Hones which exhibit a greater variety of 
form or colour. 

They enter into the compofition of porphyry, of ferpen- 
tine, of granite, and are very frequentty found with the 
magneiian Hones. 

We mail difHnguifh the fchorl s into cryflallized and ir- 
regularly fhaped fchorls. 

A. All the varieties which depend upon colour may 
be reduced to four. 

1. Black Schorl. — The black fchorl is found chiefly in 
granites. It has almoft always the form of prifms more or 
lefs perfect. The number of fides of thefe prifms is vari- 
ous ; they are fometimes grooved ; they fometimes termi- 
nate in trihedral obtuie pyramids, placed in contrary di- 
rections ; in fome places they are found feveral inches long, 
and the union of thefe prifms frequently forms groupes of 
feveral in diameter. Their black colour is more or lefs 
deep. When urged by fire, they become refolved into a 
black uniform glafs of an imperfect fluidity like pafte. 

The analyfis of the black prifmatic fchorls of Gevaudan 
afforded me, per quintal, fifty-two filex, thirty-feven alu- 
mine, five lime, three magnefia, and three iron. 

2. Green Schorl. — This variety exhibits the fame form, 
and the fame modifications ; but the molt common of its 
cryftallizations is that of a tetrahedral prifm, terminating in 
ihort pyramids likewife tetrahedral. 

3. Violet Schorl. This variety was difcovered in 1781 
by Mr. Schreiber, below the grotto of Aunis ; fituated at 
the diflance of one league from Bourg D'oifan in Dauphiny. 
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Mr. De la Peyroufe likewife found it at the Peak of Dretliz, 
in the Pyrenean Mountains. 

This fchorl poffefles a certain degree of tranfparency. 
It is cryftallized in rhomboides ; its texture is lamellated ; 
two of the rhomboidal planes of each pyramid have their 
faces (Mated parallel to each other. 

Schorl lofes its color in the fire, and one thirteenth of 
its weight ; it becomes of a greyifh white ; and with a 
flronger degree of heat it fwells up, fubfides, and forms a 
black enamel. 

Its fpecific gravity is 32,956, according to BrifEon. 

4. White Schorl. — This variety has been found in the 
mountains of Corfica, Dauphiny, and the Pyrenees. It 
is of an opake white colour, and vitreous appearance ; and 
is found in cryflals on the furface of certain itones of the 
nature of the lapis ollaris. I have feen a layer of this 
fchorl between amianthus and the lapis ollaris. It melts 
jn the fire into a white enamel. 

The analyfis of this fchorl from the Pyrenean Mountains 
afforded me, per quintal, fifty-five parts filex, tv/enty-two 
alumine, thirteen magnefia, and feven lime. 

B. The fchorl in connected mafles nearly approaches 
the jafper in its external characters. It may be diftin- 
guifhed however by its fracture, which is of a dryer grain, 
and exhibits a dilpofition to cryflallization. This ftone 
ferves as the bafis to feveral porphyries. The variolite of 
Durance, a ftone fingular on account of the fuperftitions 
to which it has given rife, is a fchorl in the mafs, covered 
with grains of the fame nature as the ground, but of a 
clearer green. 

Mr. Dorthes has obferved variolites on the coaft of our 
Mediterranean lea ; and affirms that this {tone in its de- 
compofition undergoes changes of colour which fucceed 
each other in the order of the folar fpectrum. 

III. Volcanic products. — The principal products of 
volcanoes are bafaltes, lava, and terra pozzolana. Thefe 
fubflances are abfolutely of the fame nature ; but they are 
principally diftinguifhed by the name of Bafaltes when 
their form is regular. When they have no determinate 
figure, they are denominated Lavas ; and when confider- 
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ably attenuated they are diflinguifhed by the name of Term 
Pozzolana. 

Bafaltes is diflinguiflied into the prifmatic bafaltes with 
a number of fides, from three to feven ; the bafaltes in ta- 
bles and the fpherical bafaltes. 

Lava is diftinguifhed into compact lava, porous lava, 
twifted lava, lava in tears, &c. 

Several naturalifts have clafled the bafaltes with the 
fchorls, and fome of them have afligned the fame origin to 
both. It appears neverthelcfs to be generally agreed that 
bafaltes is a product of fire. 

Itfometimes differs from fchorls in its chemical analyfis, 
and al'fo in the circumftance of its not always affording 
magnefian earth. 

The colour of bafaltes is of a deep green, almofl con- 
stantly covered or enveloped with a ferruginous cm ft Iefs 
black than the internal part. The iron is in the Have of ochre. 

Its form is conftantly prifmatic, which is the natural ef- 
fect of the contraction which it fuffers in cooling. 

Bafaltes is converted by fire into a moll beautiful black 
glafs. This property, which is admitted by every chemift, 
induced me to fufe it, and blow it into bottles. 

The attempt was perfectly fuccefsful at the glafs-houfe of 
Mr. Gilley of Allais, and at that of Mr. Giral of Erepian. 
I flill preferve the firfl velTels which were blown of this 
jubilance : they are of the molt beautiful black, attonifh- 
ingly light, but without tranfparency. Encouraged by 
this firfl fuccefs, I requeued Mr. Caftelveil, the proprietor 
of another glafs-houfe, to undertake fome experiments ; 
and in confequence of various trials we fucceeded in fabri- 
cating bottles of an olive green, in which the molt extreme 
lightnefs, and a truly aftonifhing degree of folidity, were 
united. ' Pounded bafaltes, foda, and fand, in nearly equal 
proportions, formed their compofition. The properties of 
thefe bottles, as proved by my own experiments, as well 
as by thole which Mr. Joly De Fleury, at that time comp- 
troller-general, ordered to be made, render them of the 
greater! value in commerce ; and Mr. Caftelveil was unable 
to fupply the numerous orders he received. This manu- 
facture fupported itfelf with fuccefs for two years ; but at 
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the end of that time the fuperiority of the bottles ceafecl to 
-» the fame; the manufacturer received the reproaches of 
the confumer ; this fuperb eftablifhment gradually fell off, 
and was at length abandoned. 

Since that period I have made feveral experiments in 
the large way, from which I have obtained refults that may 
be of fervice to fuch as are defirous of following this ma- 
nufacture. 

1. The nature of the combuftible ufed in glafs-houfes 
has a prodigious effect in modifying the refults of experi- 
ments. The fame bafaltes which Mr. Caftelveil confidered 
as too refractory in his furnace heated by wood, was found 
of too fufible a nature by Mr. Giral, who was in the habit of 
ufmg pit coal in his glafs works. The former manufac- 
turer accordingly made his glafs by adding foda to the lava, 
whilit the latter mixed it with a very refractory fand. 

2. The fame lava, fufed without addition, may be blown 
in one glafs-houfe, and not in another. This irregularity 
appeared to me at firft to depend elfentially on the ikill of 
the workmen ; but I have been fince convinced that it is 
totally independent of that circumftance. 

In a furnace which is ftrongly heated, the fufed lava 
fometimes becomes fluid like water, and drops from the 
iron tube as foon as it is collected. The fame lava, when 
fufed in other furnaces, will preferve a fufficient degree of 
confidence to admit of being blown. I am myfelf well 
affured that the lava might be wrought in any glafs-houfe 
whatever, provided the moment was feized in which the 
pafle was neither too fluid nor too thick to be wrought ; 
but thefe attentions are too delicate, and too minute, to be 
obferved in works in the large way. 

3. The hardefl bafaltes affords the molt beautiful glafs. 
When it is contaminated with foreign principles, fuch as 
the nodules of lime, the glafs is brittle, and has not a fuf- 
ficient connection of its parts. This circumftance, in my 
opinion, was the caufe of the bad quality of the glafs, which 
produced the failure in Mr. Caftelveil's manufactory. 

4. I have feen very hard bafaltes interfperfed with black 
infufible points, infomuch that thefe points became enve- 
loped in the vitreous pafle without any perceptible altera- 



-46 Earthy 

tion. The volcanic mountain of Efcandorgue near Lo- 
deve afforded me this variety of bafaltes. 

In the article Verrerie of the Encyclopedic Methodique. 
may be feen the various remits which we have obtained 
with Mr. Allut, in feveral experiments made in common 
in the royal glafs works of Bofquet andelfewlure. 

I fliall conclude, from the obfervation which my expe- 
riments have hitherto afforded — 

i. That lava may be ufed as a flux in glafs-houfcs to 
diminifh the confumption of foda. This is the fingle pur- 
pofe I at that time propofed to myfelf, and I have clearly 
accomplifhed it. i. By the refults of experiments which 
have fhewn that refractory land becomes fufed in the glafs 
furnace by a mixture of lava. 2. By the effecls obtained 
in all the works in the large way, in which the addition of 
lava permitted a diminution in the proportion of foda. 

2. It is very difficult to eftablifh a rigorous procefs, ap- 
plicable to all circumftances, by which lava maybe wrought 
without addition. My bottles into which the lava entered 
as a component part, were fcarcely known, before it was 
publifhed that they were formed of lava without addition ; 
nothing more being faid to be required than to fufe the 
lava in order to form bottles. This flrange report affe&ed 
me very little in the principle ; becaufe I had neither fpo- 
ken, written nor printed any thing which was capable of 
giving authority to fuch an error ; and I was content to 
reply to all perfons who demanded information, by inform- 
ing them that experience had taught me that an addition of 
lava diminifhed the proportion of foda in the compofition 
of glafs, and that this new principle rendered the bottles 
lighter and ltronger. 

3. That the only advantage which can be derived from 
fufing lava without addition, is to pour it out into moulds, 
to form paving {tones, chimney jams, &c. The facility 
with which it is fufed by the affidance of pit-coal, would 
render thefe works of fmall expence ; and it might eafily be 
decorated by incrulting it with metallic colours. 

4. That the difference in the nature of volcanic produces 
produces fuch a variety in the refults of their fufion, that 
I confider it as impoffible to affign a conllant and invaria- 
ble procefs, by which the fame refult may infallibly be 
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obtained. This circumftance renders it neceffary to make 
preliminary trials in all cafes wherein it is intended to ufa 
bafaltes in the fabrication of bottles. 

The bafaltes has been confidered as fimilar to a Hone 
known by the name of Trapp > it refembles it in feveral ef- 
fential properties ; the colour, form, weight, and the nature 
of the component parts of each, appear to authorize us in 
confounding them together, as Bergmann has proved by 
the fine comparifon he has made of thefe two fames, in his 
analyfis of the volcanic produces of Iceland. But this fame 
chemiit has fhewn that they differ in feveral other points of 
view. 

The trapp exhibits no character which can give ground 
to fufpecT: that its origin is volcanic ; it is found in Sweden, 
in the primitive mountains, and upon flrata of granite and 
fchiftus, and fometimes even upon banks of calcareous flone. 

The trapp of the mountains of Weftrogothland is ufually 
in the form of fquare irregular cubes ; and it is indebted for 
its denomination to this refemblance to the Heps of a Hair 
c afe. It likewife exhibits the form of a triangular prifm, 
though feldom ; and fometimes it refembles immenfe co- 
lumns. 

The trapp afforded Bergmann the fame principles, and 
nearly in the fame proportion, as the bafaltes. The differ- 
ence is fcarcely the hundreth part ; and this variation is fre- 
quently found in pieces of the fame bafaltes. 

SPECIES. VI. 

Silex, Lime, Magnefia, iron, Copper, and the Fluoric Acid. 

This combination forms the chryfoprafe. Its colour is 
a femi-tranfparent apple green, and it is harder than the fu- 
fible fpars and quartz of the fame colour. 

The fire deprives it of its green colour, renders it white 
and opake, and forms by the afliftance of vital air a compact 
and milky globule. — See Erhmann. 

Mr. Achard obtained, in the quintal of this (tone, 95 
parts filex, 1.7 lime, 1,2 magnefia, 0.6 copper. 

Pp 
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SPECIES VII. 
Silex, the blue Fluate of Lime, with the Sulphate of Lire and Iron. 

This lingular combination forms the Lapis Lazuli, or 
Azure Stone. 

Its colour is of a beautiful opake blue, which it preferves 
in a ftrong heat, and does not fuffer any alteration in this 
refpect by the contact of air. 

The powder of this ftone makes a flight effervefcence with 
acids ; but after calcination it forms a jelly with acids, with- 
out exhibiting any previous effervefcence. 

The powder of this Hone forms the valuable colour known 
by the name of Ultramarine. The price of this colour is 
proportioned to its intenfity ; and its value is accordingly 
leaft when it is mixed with pyrites, becaufe thefe bodies di- 
minifh the vivacity of its colour. 

This ftone affords water by calcination, and when diftil- 
led with the muriate of ammoniac, it forms martial flowers : 
which proves, according to Mr. Sage, that its colour is ow- 
ing to iron. 

The azure ftone is fufed by a ftrong heat into a whitifh 
glafs ; and by the afliftance of oxigene it forms a white tranf- 
parent globule inclining to green, without internal bubbles, 
and not obedient to the magnet. 

The fpecific gravity of the lapis lazuli of Siberia is 29,454 
— See Briflbn. 

Plates of the lapis lazuli may be feen upon almoft all rich- 
ly decorated altars ; it is likewife made into toys. 

Margraff obtained from this ftone calcareous earth, gyp- 
fum, iron, and fdex. Mr. Rinmann has difcovered that it 
contains the fluoric acid. 

SPECIES VIII. 

Silex, Alumine, Barytes, and Magr.efia. 

This ftone is known by the names of Feld Spar, Rhom- 
boidal Quartz, Spathum fcintillans, Petuntze. 

It very frequently forms one of the principles of granite, 
and the cryftals, which are found feparate, arife from the de- 
compofition of this primitive rock. 

The texture of feld fpar is clofe, lamellated, and it is lefs 
hard than quartz. 
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It fufes without addition into a whitifh glafs. I have 
neverthelefs obferved a very great variety in the feld fpars, 
with regard to their habitude in the fire. That of Avenne, 
which is in the form of whitifh cryftals mixed with quartz, 
afforded me a tranfparent glafs of extreme hardnefs, by the 
fimple addition of one-third of lime : whereas that of Efpe- 
ron, treated in the fame manner, did not exhibit the Imallefl 
fign of fufion. 

The fpecific gravity of white feld fpar is 2^.,()^6. — See 
BrifTon. 

Feld fpar exhibits feveral varieties in its form and colour. 
Molt of the pieces of feld fpar inclofed in granite have 
a rhomboidal form ; and when this primitive rock becomes 
decompofed, the cryfials of feld fpar are detached, and re- 
main confounded with the rubbifh. The granites of our 
province, almofl all of them, contain thefe cryftals, fome of 
which are an inch and an half in diameter. 

Feld fpar has been found cryftallized in tetrahedral prifms, 
terminating in pyramids with four fides. 

I poffefs fome fpecimens of feld fpar of Auvergne, whofe 
tetrahedral prifms are flattened and terminated by a dihedral 
fummit. 

The principal fhades of colour in feld fpar are white, 
rofe-colour, and chatoyant, or of changeable colours. 

The white tranfparent feld fpar is very rare ; there is a 
piece in the Royal Cabinet of the mineral School, which 
comes from Mount St. Gothar. 

One hundred parts of white feld fpar contain about fixty- 
feven filex, fourteen alumine, eleven barytes, and eight 
magnefia. 

The rofe-coloured feld fpar is not very fcarce. Our 
mountains exhibit much of it. It abounds with iron, which 
is in the ftate of ochre. Some experiments have fhewn 
me that this variety is more fufible than the others. My 
analyfes have even exhibited a larger portion of magnefia ; 
and its confiflence appears to me to be lefs firm than that 
of other fpecimens. 

Feld fpar is compofed of rhomboidal laminae, which give 
it the property of exhibiting various colours, in a greater or 
lefs degree. Large pieces of feld fpar have been found on 
the northern coait of Labrador, worn down by the waters 
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into a round form, of a blueifli grey colour, and exhibiting 
the molt agreeable change of colours, according to the va- 
riation of pofition. The colours are a beautiful celetlial 
blue, fhaded with green. This ftone is known by the 
name of Labrador Stone. Granites are frequently found, in 
which the feld fpar exhibits its changeable colours without 
being wrought. 

CLASS III. 

Concerning the Mixtures of Stones among each other. Stony- 
Mixtures. Rocks. 

The mixture of the primitive earths with each other form 
the ftones we have hitherto treated of; and thefe ftones, 
united and connected together, or as it were joined by a 
cement, conftitute the numerous clafs of pebbles or ftones, 
concerning which we mall proceed to treat. It is evidently 
icen that the mixture of various ftones has been produced, 
either by revolutions which have reverfed and confounded 
the whole furface of countries, or by the action of waters, 
■which have fucceflively formed the ftrata of rounded flints 
fpread over the furface of the globe, and have afterwards 
depofited in their interftices that earthy matter which has 
connected them together. Thefe mixtures have afterwards 
acquired a degree of hardnefs ; and at length appeared to 
form one fingle fubftance. 

We mall eftablifli our genera upon the prefence of fuch 
ftones as predominate; and the fpecies will be deduced 
from the variety of ltones mixed with that which determines 
the genus. 

genus 1. 

Rocks formed by the mixture of Calcareous Stones with other 
Species. 

Though the bafis of calcareous ftones enters into the com- 
pofition of the greater part of lithologic fubftance s, we find 
few rocks which can be ranged in this clafs. 

species 1. 

Carbonate of Lime, and Sulphate of Barytes. 

Mr. Kirwan obferved compound ftones in Derbyfhire, 
formed of chalk intermixed with nodules of ponderous fpar. 
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SPECIES II. 
Carbonate of Lime and Mica. 

The green marble of Cipolin of Autun is of this kind. 
It is compofed of eighty-three parts carbonate of lime, 
twelve green mica, and one iron. — Journal de Phyfique, 
t. xii. page 55. Calcareous ftones are found in Italy, which 
exhibit brilliant fpecks of mica, and are known by the name 
of Mafigno. 

SPECIES III. 

Mixtures of Calcareous and Magnefian Stones. 

Sulphate of lime, fluate of lime, and carbonate of lime 
are found mixed with fteatites, ferpentine, talc, amianthus, 
and afbeftos. Such is, for example, the white marble 
interfperfed with fpots of fleatites, and defcribed by Cron- 
ftadt. 

SPECIES IV. 

Calcareous Stones, and Fragments of Quartz. 

Quartz is fometimes found in calcareous cement. Sweden 
and Siberia exhibit feveral marbles which give fire with 
the fleel. The calcareous grit, fo common in the fouthern 
part of our kingdom, is of this fpecies. The fand is com- 
pofed of fragments ofquartzofe flints, rounded and connect- 
ed by a calcareous gluten or cement. By digeftion of grit- 
ftone in an acid, the calcareous cement becomes dhTolved, 
and the proportion which the fand bears to the whole may 
then be eafily determined. 

This grjt-ftone is feldom hard enough to be ufed in build- 
ing, or in paving. 

At Nemours, and at Fontainbleau, this ftone has been 
found cryftallized in perfect rhomboides : the cabinets of 
naturalifts are enriched with fuperb famples of this kind. 

Lime-ftone has likewife been found ferving as a cement 
for feld fpar, fchorl, &c. ; but this is fomewhat rare. 

Mr. De Sauflure has defcribed a ltone whofe elements are 
quartz and fpar. 

Our fhores afford pebbles of hard marble of a light-grey 
colour, interfperfed with feld fpar and quartz. — See 
Dorthes, 
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GENUS II. 

Compound Stones formed by the Mixture of Barytic Stones with 
other Stones. 

As ponderous fpar is of confiderable fcarcity, and is al- 
mofl always found alone, this genus will not be numerous. 

SPECIES I. 

Ponderous Spar mixed with a fmall quantity of Calcareous Spar. 

The diocefes of Alais and of Uzes afforded me this fpe- 
cies ; and I have myfelf obferved in the latter rhomboids 
of calcareous fpar, fo well mixed with the lamina? of ponde- 
rous fpar, that it is impoffible to feparate them without def- 
troying the ftone. It was among the veins of ponderous 
fpar which are found on the road from Portes to Alais, that 
I faw this mixture. 

SPECIES II. 

Ponderous Spar and Serpentine. 

Mr. Kirwan defcribes a fpecies of Terpentine with fpots 
of barytes. 

SPECIES III. 

Ponderous Spar and Fluor Spar. 

The ponderous fpar of Auvergne is mixed with fluor 
fpar : I have many fpecimens of this. 

SPECIES IV. 
Ponderous Spar and Indurated Clay. 

This is the Kros-flein of the Germans. The clay which 
forms the ground is grey, and includes a ponderous fpar of 
a white colour, which is difpofed in this clay in the form of 
veins, that might be taken at firft fight for vermiculites, or 
in general, for the remains of fome organized fubftances. 
This ftone is found at Bochnia in Poland. 

species v. 

Ponderous Spar and Quartz. 

I have in my collection feveral fpecimens, in which the 
ponderous fpar is difpofed in ftars upon a matrix of the na- 
ture of filex. 
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SPECIES VI. 

Ponderous Spar and Lava. 

The extinft volcanos of the diocefe of Beziers have af- 
forded me lavas, partly decompofed, whofe furface exhibits 
radii of ponderous fpar, which, at firft fight, I took to be 
zeolite. 

GENUS III. 

Rocks or Stones formed by the Mixture of Magnefian Stones with 
other Kinds. 

SPECIES I. 

Magnefian Stones mixed together. 
The fame rock often exhibits the various known mag- 
nefian ftones in contact with each other. Thus we fee the 
afbeftos placed befide the amianthus, the ferpentine in con- 
tact with the afbeftos, the fteatites in contact with talc. 

SPECIES 11. 

Magnefian Stones and Calcareous Stones. 

The ferpentine has been found fpotted with calcareous 
fpar, and gypfum. 

SPECIES III. 

Magnefian Stones and Aluminous Stones. 

Steaties is frequently mixed with clay. Its fibres are 
found bedded in an argillaceous fubftance. Steatites and 
ferpentine are fometimes mixed with fchiftus. 

SPECIES IV. 

Magnefian Stones and Siliceous Stones. 

Serpentine is found mixed with veins of quartz, feld fpar 
fchorl, Sec. 

Aibeftos and amianthus are often confounded, and fome- 
times incorporated in quartz and rock-cry ftal. 

Mr. De Sauffure has defcribed a compound ftone, of 
which the quartz is white, and the lleatites green. 

At Sterzing in Tyrol, is found a rock formed by fchorl 
and ferpentine. 

In the county of Mansfield in Saxony, a rock has been 
difcovered, compofed of jafper and afbefcos. 

GENUS IV. 

Hocks or Stones formed by the Mixture of Aluminous Stones with 
other Soecies. 
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species i. 

Schiftus and Mica. 

This mixture forms feveral primitive mountains. The 
mica is fometimes in plates of a certain thicknefs, but moil 
commonly in fmall fragments ; and the ftone aifumes a 
brilliant argentine appearance, which renders thefe ftones 
agreeable to the fight. In this laft cafe, the ftone is nearly- 
white, fonorous, and fplits into leaves ; whereas it is black- 
iih, and lefs hard, when the mica is difperfed through it in 
large grains. 

Thefe kinds of micaceous fchifti do not become fponta- 
neoufly decompofed. They differ effentially from the py- 
ritous fchillus, whofe formation appears to be pofterior to 
that of the prefent fpecies. 

This micaceous fchillus is a primitive ftone. It does not 
include minerals, or at leaft very rarely ; and it is not fpon- 
taneoufly decompofed. 

species ir. 

Schiftus and Garnet. 

The fchillus frequently contains garnets, which rife in 
protuberances in its texture, and feparate its ftrata from 
each other. The garnet is cryllallized, and one would be 
difpofed to affirm that this ftone had increafed, and almoft 
vegetated in the other, which ferves as its covering. It is 
probable that the garnet has been enveloped by this pafte of 
ichiftus ; or that it was formed while the ftone was ftill al- 
moft in the fluid ftate. 

I found this fchiftus filled with garnets in the bed of the 
river Bramabiou, in the diocefe of Alais. 

SPECIES III. 
Schiftus, Mica, and Quartz mixed in fmall fragments. 

The Germans call this compound ftone by the name of 
Gneifs. It deferves to be included among the quartzofe 
and filiceous ftones ; but as it nearly approaches the primi- 
tive fchifti we have juft treated of, we fhall follow the natu- 
ral method in clafling it here. 

The texture of this ftone varies greatly. It fometimes 
forms a rock in which neither ground nor fibres can be dif- 
tinguifhed : in other fpecimens it appears to be divided into 
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filaments twilled in a thoufancl manners, and it frequently 
exhibits a lamellated hard texture. 

It is found in large maffes of a greyifti green colour, 

with its furface finning, and polifhed like the Hate ; and it 

a ppeaos to be merely a line-grained granite, the mmuteneis 

o f whole parts has differed them to take the foliated form of 

the fchiftus. 

Mr. Weigleb has analyfed that of Friburg. 

SPECIES IV. 
Scliiftus and Schorl. 

The mixture of thefe twoflones is common enough. The 
fehorl is fometimes difperfed in very minute filaments, which 
give a blackifh tinge to the mafs. Its form is often prif- 
matic ; in which cafe the fibres of the fchiftus, and the long 
cryftals of the fehorl, form the prifm by their reunion. 

A fchiftus has been found in the Pyrenian mountains, in 
which the fehorl is fpread from fpace to fpace in the form of 
oblong bodies, and equally difperfed over the whole mafs. 
species v. 

Clay and Quartz. 

This conftitutes the argillaceous grit-done, or the done in 
which fragments of quartz are united together by an argilla- 
ceous gluten. 

Several varieties of grit-done may be diftinguifhed. ^ It 
is often found in irregular, coarfe, and compaft maffes, which 
are made into mill-ftones, or ufed for paving, &c. 

The magnitude of the fragments of quartz renders the 
furface more or lefs rugged ; and it is this which renders it 
proper for certain operations of trituration. 

When its grain is finer, it is made into grind-dones. It 
is by virtue of their quartzous principles that grind-ftones 
emit fuch numerous fparks, when druck with the fteel, or 
when they are moved with rapidity againfl any tool of that 
metal. 

Ar liliaceous grit-ftone is fometimes of a fcaly texture : 
the Cos Turcica of Wallerius, and the ftone ufed for fharpen- 
ing fchythes, are of this kind. 

Fine grit-ftone, compofed of impalpable particles^ is 
known by the name of Tripoli, from the part of Africa 
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whence it firfl came. It is now found in] Rouergue in 
Britanny, Germany, and elfewhere. 

The porous grit-done called Filtering-Hone, on account 
of its ufe, is of the fame nature. 

Quartz is fometimes mixed with mica. Our province 
. . . 1 
contains it in various places. 

The mica is likewife found mixed, 

1. With feld fpar, according to Ferber and Kirwan. 

2. With fchorl, at Mont hykie in Dalecarlia in Sweden, 
and at Sterzing in Tyrol. 

3. With garnets, at Paternion in Carinthia, and at the 
Carpathian mountains in Hungary. 

4. With garnet and fchorl, at Greyner. — See Muller. 

5. With quartz, feld fpar, and fchorl. This compofition 
forms one of the molt common granites. 

The mixture of thefe ftones, varied in the proportion 
of their principles or elements, forms the numerous variety 
of granites ; and feveral colours likewife modify them ex- 
ceedingly. 

genus v. 

Compound Stones formed by the Mixture and Re-union of Quartzofe 
Stones with each other. 

SPECIES I. 
Quartz and Schorl. 

The quartz is, in general, white in this Hone, and the 
fchorl of various colours. Some of the paving ftones of 
London are of this fort, according to Kirwan. The fchorl 
is likewife found in cryftals within the quartz. 

SPECIES 11. 
Quartz and Feld Spar. 

A ftone of this nature was brought me from the neigh- 
bourhood of Avenes. The mountain from which the fpe- 
cimen was detached, contains about one-third of quartz. 
The red of the rock confifts of rhomboidal feld fpar, of no 
great firmnefs of texture, and conflantly exhibiting the 
rhombus in its fracture. 

I poflefs a very fine fpecimen of a fimilar rock, which was 
fent me from, Fahlun in Dalecarlia. 
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SPECIES III. 
Girt-ftone and Garnet. 

I have received from the mines of Tallard, near Gap in 
Danphiny, girt-ftones with garnets of one or two lines in 
diameter interfperfed. Thefe garnets are difperfed through 
the whole mafs, at the diftance of three or four lines from 
each other. 

SPECIES IV. 
Quartz, Feld Spar, and Schorl. 

This mixture is common, and forms great part of the 
granites on our globe. 

The proportion of the elements of this rock vary greatly, 
but the forms of the flones which compofe it are not lefs 
variable. The fchorl is frequently cryftallized in prifms ; 
the feld fpar almoft always exhibits rhomboidal laminse, 
on breaking the ftone ; the quartz very feldom exhibits 
determinate figures, but it has neverthelefs been found in. 
iuperb cryftals at Alencon and elfewhere. 

The colour of thefe Hones, likewife, exhibits an infinity 
of lhades. The fchori is ufually black; but it is fometimes 
found green, and even white, as in fome granites brought 
from Spain. The feld fpar is commonly of an afhen grey ; 
but it has been obferved of a fiefh-colour, of a milk-white, 
of a dull red, &c. The mod common appearance of the 
quartz is, that of a fat and vitreous fubftance. It is fome- 
times black. 

SPECIES v. 

Fragments of Quartz united by a Siliceous Cement. 

We may here clafs the quartzofe plum-pudding flones. 
The cement which unites thefe pebbles of quartz, which are 
commonly rounded, is the pafte of petro-filex. Some of 
thefe pudding- Hones are fo compact, and their fracture is fo 
uniform, that they are capable of the mod beautiful polifh, 
and produce a very happy effect by the variety of colour of 
the feveral flints connected by the lame gluten. 

species VI. 

Jafper and Feld Spar. 

This rock is known by the name of Porphyry. The 
jafper compofes the ground, and the feld fpar is interfperfed 
in fmall needles, or in flat parallelopipedons. 
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The colour of porphyry varies prodigioufly. The 
fpar, which enters into its compolition, is either white, or 
yellow ifh, or red; but the name of the porphyry is always 
dependent on the colour of the jafper. The jafper is fome- 
times green and fometimes black, and in fome inftancea 
red ; which eflablifhes a great number of varieties. 

As this flone is fufceptible of the moll beautiful polifh, 
it has been employed as an ornament ; and our temples, as 
well as private houfes, are decorated with it. 

Mr. Ferber found in Tyrol porphyry in prifmatic co- 
lumns, refembling that of bafaltes ; a circumltance which 
affords a further degree of probability to the opinion of fuch 
as have confidered porphyry to be a volcanic production. 

Porphyry is found in Egypt, in Italy, in Germany, in 
Sweden, in France, &c. Mr. Dorthes has brought, from 
various mountains in Auvergne, fpeeimens of porphyric 
bafaltes in tables and in maffes, containing cryftals of feld 
fpar, well formed, and little altered. 

He obferved that the rocks of Chevenon, an ancient 
convent of Gramontin, at the diftance of one league from 
Artonne in Auvergne, were very beautiful porphyry. Mr, 
Guettard found it likewife in the foreft of Eflerelle in 
Provence. 

Mr. Dorthes has defcribed more than twenty varieties 
of porphyry thrown up in pebbles by the Mediterranean 
upon our coafts, whither they are brought by the Rhone. 
In many of thefe are found tranfparent quartz with the prif- 
matic form, and cryftallized feld fpar. 

Porphyry fufes into a black globule, marked with white 
points. 

The fpecific gravity of red porphyry is 27,651, and that 
of green 26,760. — Briffon. 

Porphyry fometimes contains fchorl. Wallerius has de- 
fcribed it " Porphir rubens, cum fpatho fcintillante albo, et 
bafalto nigro." 

SPECIES VII. 

Jafper and Garnet. 

This Hone has been difcovered in Iceland : the ground is 
a green jafper, which includes ferruginous garnets cryflal- 
lized, and of a red colour. 
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SPECIES VIII. 

Jaiper and Calcedony. 

The Mountain of Giants, in Bohemia, affords this ftone. 
It has likewife been found in the Carpathian mountains, 
near Kafkau in Hungary. A ftone has likewife been ob- 
ferved at Oberftein, in the Palatinate, compofed of agate 
and jafper. 

SPECIES IX. 
Jafper and Quartz. 

This compound ftone, called Saxum Sibericum by Lin- 
naeus, has been found in Siberia, and alfo near Stutgard in 
the Duchy of Wirtemburg. 

SPECIES x. 
Jaiper Quartz, and Feld Spar. 

This ftone is found in the environs of Geneva. Its 
ground is a jafper, or rather a petro-lilex, black, opake, 
and very hard. This matrix is interfperfed with' fmall 
rectangular cryftaJs of white feld fpar, and rounded grains 
of transparent quartz. Mr. De Sauffure, who has defcrib- 
ed this fpecies, places it among the porphyries. 

SPECIES XI. 
Schorl, Garner, and Tourmaline. 

Mr. Mullur has difcovered in Schneeburg, a mountain 
of the territory of Sterzing in Tyrol, a rock of this kind, 
containing large cryftals of tourmaline, which include fmall 
cryftalized garnets, tranfparent, and of a red colour. 

Mr. Ferber affirms that he found between Faiftritz and 
Carnowitz in Stiria, detached pieces of green fchorl, which 
inclofe large red garnets : he adds, that this fchorl is 
fometimes fcaly, and of a micaceous texture. 

Mr. De Sauffure has found in the environs of Geneva, 
ftones worn round by v/ater, which were compofed of 
fchorl in the mais, and garnet. 

The Mediterranean Sea throws up on our coaft many 
varieties of rounded pebbles of porphyry, which have 
fchorl for their bafis. 
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GENUS vi. 

Super-compound Stones, or fuch as refult from the Mixture and 
Re-union of feveral different Genera. 

SPECIES I. 

Petro-filex, Aluraine, and Calcareous Spar. 

This (lone is found at Schneeburg in Saxony. 

SPECIES II. 

Clay, Steatites, and Calcareous Spar. 

This fpecies, as well as the two following, are comprif- 
ed under the name of Saxa Glandulofa. The fteatites, the 
fpar, and the other fubftances are difperfed in the matter 
which forms the ground of this rock. 

SPECIES in. 
Clay, Zeolite, Schorl, and Calcareous Spar. 
SPECIES IV. 
Clay, Serpentine, and Calcareous Spar. 

SPECIES V. 
Serpentine, Mica, and Calcareous Spar. 

Mr. Ferber has defcribed this laft fpecies under the 
name of Polzevera ; a denomination fuggefted to him by 
the place where it is found. See his Letters on Italy. 

SPECIES VI. 
Serpentine, Schorl, and Calcareous Stone. 

This ftone furrounds the veins of the mine of St. Simon 
and Jude, at Dognafta, in the Bannat of Temefward : it 
is likewife found in copper mines of Safka ; and at Hofer- 
fchlag, near Schemniz, in Lower Hungary. 

SPECIES VII. 

Steatites, Mica, and Garnets. 

This ftone is found at Handol in Jempterland, towards 
the north of Sweden. — Born. Ind. Foff. par. it 

SPECIES VIII. 

Steatites, Mica, and Schorl. 

This ftone was found at Salbury in Weftmanland, . a 
province of Sweden. — Born. Ind. Foff. par. ii. 
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SPECIES IX. 

Garnets, Quartz, Mica, and Serpentine. 

This contains a fmall quantity of pyrites. It is found at 
Pufterthal in Tyrol. — See Bruckman. 

species x. 

Feld Spar, Quartz, Mica, Steatites. 

Several granites are formed by a mixture of this nature. 
Such are found at Sunnefkog in Sweden, and at Guten 
Hoffnanglban near Altwofchitz in Bohemia : it is the 
granites steatite mixtus of Born. 

SPECIES XI. 
Quartz, Mica, and Clay. 

This rock is the matrix of the ore of tin at Platte, and at 
Gottefgab in Bohemia. 

SPECIES XII. 

Quartz, Clay, and Steatites. 

This is found at Mount St. Godard in Switzerland. 

Concerning the Diamond. 

The Diamond forms an appendix to the hiftory of {lories. 
Its combuftibility is a character which prevents its being 
aflimilated to any known fpecies. 

The diamond was long confidered as the hardefl and moft 
ponderous of ftones, as well as the only one which did not 
caufe a double refraction ; but fubfequent obfervations have 
deftroyed thefe early notions. The adamantine fpar ap- 
pears to equal it in hardnefs ; the oriental ruby, and the 
jargon of Ceylon, are more ponderous ; and the oriental 
precious Hones exhibit one refraction only, as does likewife 
the phofphoric fpar. 

This precious flone is found on the coaft of Coromandel, 
and principally in the kingdoms of Golcondaand Vifapour. 
The earth which ferves as its gangue is red, ochreous, and 
foils the fingers. 

The general procefs of exploring the diamond, mines or 
earths, confifts in mixing the earth with water, after which 
the fluid is poured off, and the fand which remains at the 
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bottom is dried by the ftrbrig heat of the fun. — See the 
Memoirs of the Comte Mared 

Other naturalifts inform us that, v/hen tlic earths have 
been walked, the rcfiduc is left: to dry, and is lifted in 
bafkets made for the pur pole. The workmen afterwards 
leek for the diamonds withthefr hands. 

Diamonds in their native liate are covered with two 
crults ; the one earthy, and the other fparry. — Roitte dc 
Lille. 

When lapidaries undertake to work them, they are 
obliged to find the grain of the Hone, in order to fplit or 
cleave the diamond. If the fraflture be not uniform, they 
call the {tone a diamond of nature. The hardnefs of the 
diamond is fuch, that it refills the molt highly poi idled 
Reel ; which circuniftance renders it neceflary to attack it 
by diamond powder. 

The manner or form in which diamonds are cut, diftin- 
guiflies them into role diamonds, and brilliants, or brilliant 
diamonds. The brilliant diamond is cut into facets on 
both fides. The variety of forms given to thefe facets, and 
their different inclinations with refpect to each other, 
multiply the refractions, and contribute to afford thofe 
reflections, and flreams of pure and vivid light, which 
characterize the diamond. 

The diamond is divided into two kinds ; the oriental 
diamond, and the Brazilian diamond. 

The, oriental diamond cryilallizes in octahedrons, and 
exhibits all the varieties of this primitive form. 

The Brazilian diamond cryiiallizes in dodecahedrons: 
It is neither fo hard, fo heavy, fo perfect, nor fo valuable, 
as the oriental diamond. 

The colourlefs diamond has a fpecific gravity which is 
in proportion to that of water as 35,212 to 10,000. Mr. 
BrhTon has derived this fpecific gravity from an experiment 
on the Pitt diamond of the French crown. A cubic foot 
of this diamond would weigh two hundred and forty-fix 
livers, feven ounces, five gros, iixty-nine grains. 

The diamond isfometimes coloured green, violet, black, 
(fee. The green are the molt efteemed, becaule they are 
the moll fcarce. The weight of coloured diamonds is 
more confiderable than that of the white diamond ; becaufe 
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it is augmented by the weight of the colouring principle, 
which is of a metallic nature. 

The brilliancy, hardnefs, and fcarcity of the diamond 
have preferved it in the mod extravagant degree of eflima- 
tion. A diamond is faid to be of a fine water when it pre- 
fents no defect or fpot ; and the price is proportioned to its 
purity. 

When a diamond is without fault, its value is eftimated 
according to its weight ; which is determined or divided in- 
to carats, each carat being equivalent to about four grains. 

The mod beautiful diamonds hitherto known are — 1. 
The two in the crown of the king of France ; one of which 
is the Grand Sancy, weighing one hundred and fix carats ; 
and the other the Pitt, which weighs feven gros, twenty-five 
grains and one fixteenth. It is fourteen lines long, thir- 
teen and a half broad, and nine and one-third thick. 2. The 
diamond which at prefent belongs to the Czarina weighs 
feven hundred and leventy-nine carats. The Emprefs 
purchafedit in 1772 for twelve tons of gold (100,000 flo- 
rins,) and granted a pennon of four thoufand roubles to the 
feller. It is pretended that this fine diamond was one of 
thofe which ornamented the eyes of the famous ftatue Sche- 
ringham, w r hich has eight eyes and four heads ; and that it 
was carried off by a French deferter who had procured him- 
felf to be appointed as a guard to the temple of Brama. 
This diamond was at firfl fold for fifty thoufand livres, af- 
terwards for about four hundred thoufand livres, and was 
at length purchafed by the Emprefs of Rufiia. 

The combuftibility of the diamond is a phenomenon 
fufliciently intere fling to induce us to give a faithful extract 
of the principal experiments which have ferved to advance 
our knowledge upon this fubjett. 

Boyle obferved, long fince, that the diamond, expofed to 
a violent fire, emitted acrid vapours. 

The emperor Francis the Firft caufed crucibles to be 
expofed to a reverberatory fire for twenty- four hours, into 
which vefiels the value of fix thoufand florins in diamonds 
and rubies were put. The diamonds difappeared, but the 
rubies were not altered. Thefe experiments were repeated 

Rr 
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with great expence : and it was afcertained that the d 
mond loft its poliih, fcaled off, and war, diflipatcd. 

The Great Duke of Tufcany, in 1694, caufed experi- 
ments to be made by Mr. Averoni and Targioni, by tlfe 
mirror of Tfehirnauien, and it was found that the diamond:; 
difappeared in a few minutes. 

In 1772, thefe experiments were refumed by the fkilful 
ehemills of Paris — Darcet, the Comte de Laraguais, Cadet, 
Lavoifier, Mitouard, Macquer, 8cc. The details of the 
interefting experiments made on this fubject may be feen 
in the volumes of the Academy of Seiences, and the Jour- 
naux de Phylique, of that year. We ihall limply relate the 
remits. 

1. Mefirs. Darcet and the Comte de Laraguais proved 
that the diamond is volatilized in balls of porcelain. 

2. Mr. Macquer took notice that the diamond dilated and 
i welled up ; and that a blue flame was obiervableon its fur- 
face during the combuftion. 

3. Meffrs. Lavoifierand Cadet proved, that the combuf- 
tion of diamonds in doled veffels ceafed as foon as the oxi- 
gene was dellroyed ; and that the diamond did not burn but 
in proportion to the oxigene prefent, like all other combuf- 
tible fubdances. The jewellers, who expofe their diamonds 
to very violent fires to render them colourlefs, are careful 
to wrap them up in f ueh a manner as to fecure them from 
the contact oi' air. 

Mr. De Saufliire burned a diamond by the blow-pipe ; 
Mr. Lavoifierhas proved that, when it is expofed to the 
burning glafs, aduflarifes which precipitates lime-water. 

The diamond is therefore a combuftible fubftance, which 
burns in the fame manner as other bodies. This ftrict and 
accurate confequence is deduced from all the experiments 
which can be imagined to acquire a perfect demonflration. 

Within a few years chemiits have difcovered a veiy An- 
gular ftone, to which the name of Adamantine Spar has 
been given by Bergmann. 

It is black, and fo hard that its powder may be ufed to 
cut the diamond ; from which circumftance it has obtained 
its name. 
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It cryftallizes in hexahedral or fix-fided prifms, two of 
which are large, and four l'mall. 

Its fpscific gravity is 38,732 with refped to water, which 
is aflumsd at 10,000. See BrifTon, — The cubic foot weighs 
two hundred and feventy-one livres, one ounce, feven gros, 
fixty-three grains. 

The moft violent fire produces only a flight foftening of 
this fpar, according to the experiments of Mr. Lavoifer. 

The analyfis made by Mr. Klaproth of this ftone, has 
exhibited a peculiar earth, which is fufpected to be likewife 
one of the principles of precious ftones, &.c. 



GENERAL VIEWS 



RESPECTING 



The Decompositions and Changes to which the Stony Part 
of our Globe has been subjected. 



1 



F it were permitted man to follow, during 
feveral ages, the various changes which are produced on 
the furface of our globe by the numerous agents that alter 
it, we fhould at this time have been in poffeflion of the moft 
valuable information refpecling thefe great phenomena : 
but thrown, as we arc, almoft by accident, upon a fmall 
point of this vaft theatre of obfervation, we fix our atten- 
tion for a moment upon operations which have employed 
the works of nature for ages ; and we are unable either 
to perceive or to foretel the refults, becaufe feveral ages 
are fcarcely fufficient to render the effects or changes per- 
ceptible. Nature never ceafes to exift : her activity has 
been coeval with the exiftence of matter ; her operations 
are not circumfcribed within limited times ; (he difpofes of 
whole ages in the arrangement of her combinations ; while 
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man can command no more than a few inftants, and himfelf 
difappears at the moment wherein he has proceeded To far 
as to connect a few fafts together. Hence, no doubt, it 
arifes, that nature is incomprehenfible in fome of her opera- 
tions, and inimitable in all thofe which require a long feries 
of time. 

It mud be allowed that thofe men who, by the mere ef- 
forts of their imagination, have endeavoured to form ideas 
refpefting the conitru&ion, and the great phenomena of this 
globe, have numerous titles to our indulgence. In their 
proceedings we behold the efforts of genius, tormented with 
the defire of acquiring knowledge, and irritated at the pro- 
fpect of the fcanty means which nature has put in its power : 
and when thefe naturalifts, fuch as Mr. De BufFon, have 
poffeffed the power of embellifhing their hypothecs with 
every ornament which imagination and eloquence can fur- 
nifh, either as inflruments of illufion or entertainment, we 
ought to confider ourfelves indebted to them. 

For our part, we fhall confine ourfelves to exhibit a icw 
ideas reflecting the fucceflive decompofitions of our planet, 
and inall endeavour to avoid every departure from obferva- 
tion and matter of fact. 

The flighteft obfervation fhews us that living beings are 
kept up and perpetuated only by fucceflive decompofitions 
and combinations. A flight view of the mineral kingdom 
exhibits the fame changes; and our globe, in all its produc- 
tions, prefents continual modifications, and a circle of acti- 
vity, which might appear incompatible with the apparent 
inertia of lithologic products. 

In order to arrange our ideas with greater regularity, we 
may confider this globe in two different ftates. We will 
firft examine the primitive rock which forms the nodule or 
central part. This appears to contain no germ of life, in- 
cludes no remains or part of any living being, and from eve- 
ry circumftance appears to have been of primitive formati- 
on, anterior to the creation of animated or vegetating bodies. 
We fnall purfue the various changes which are daily pro- 
duced by the deftruttive action of fuch agents as alter or mo- 
dify this fuftance. 

We fhall then proceed to examine what ftones have 
been fucceffively placed upon this, and what are the 
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decornpofitions to which thefe fecondary rocks have been 
fubjedted, 

i. The obfervations of naturalifts all unite to prove, 
that the central part of the globe confifts of the ftone 
known by the name of Granite. The profound excava- 
tions which the art of man, or currants of water, have 
made in the furface of our planet, have all uncovered this 
rock, and have been incapable of penetrating lower : we 
may therefore confider this fubftance as the nucleus of the 
globe ; and upon this fubftance it is that all matters of 
pofterior formation reft. 

Granite exhibits many varieties in its form, compofition, 
and difpofition : but it in general confifts of an aflemblage 
of certain ftliceous ftones, fuch as quartz, fchorl, feld fpar, 
mica, &c. ; and the more or lefs confiderable magnitude of 
thefe elements of granite, has caufed it to be divided into 
coarfe-grained granite, and fine-grained granite. 

It appears to me that there is no denying but that thefe 
rocks owe their arrangement to water : and if we may be 
permitted to recur, by an effort of the imagination*, to 
that epocha in which, according to facred and profane 
hiftorians, the water and earth were confounded, and the 
confufed mixture of all principles formed a chaos, we 
lhall fee that the laws of gravity inherent in matter mud 
have carried it down, and neceffarily produced the arrange- 
ment which obfervation at prefent exhibits to us. The 
water, as the leaft heavy, muft have purified itfelf, and 
arifento the furface by a filtration through the other mate- 
rials : while the earthy principles muft have precipitated, 
and formed a mud, in which all the elements of ftones 
were confounded. In this very natural order of things, 
the general law of affinities, which continually tends to 
bring together all analogous parts, muft have exerted itfelf 
with its whole aclivity upon the principles of this almoft 
fluid pafte ; and the refult muft have been a number of 

* This is the firft and the laft fuppofition in which I fhall indulge my- 
felf. It is a conjecture, however, which is indifferent with refpeft to the 
bails of the fabjeft itftlf ; fince it relates only to an hypothecs refped- 
ing the manner in which a rock might be formed that at prefent exifts, 
and whofe decompofnions alone can form the fubjedT: of our obfervati- 
pns. 
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bodies of a more definite kind, in cryftals more or lefs 
regular : and from this muddy fubftancc, in which the 
principles of the ftones were confounded that compole the 
granite, a rock muft have been produced, containing the 
elementary ftones all in poffeffion of their diftinct forms and 
characters. In this manner it is that; we obferve falts of 
very different kinds develope themfelves in waters which 
held them in folution ; and in this manner it ftill happens 
that cryftals of fpar and gy pfum are formed in clays which 
contain their componant parts. 

It may eafily be conceived that the laws of gravitation 
muft have influenced the arrangement and difpofition of 
the products. The moft grols and heavy bodies muft have 
fallen, and the lighted and moft attenuated fubftances muft 
have arranged themfelves on the furface of the foregoing : 
and this it is which conftitutes the primitive fchifti, the 
gneis, the rocks of mica, &.c. which commonly repofe 
upon mafies of coarfe-grained granite. 

The difpofition of the fine-grained granite in ftrata or 
beds, appears to me to depend on this pofition, and the 
finenefs or tenuity of its parts. Being placed in immedi- 
ate contact with water, this fluid muft naturally have influ- 
enced the arrangement which it prefents to us ; and the 
elements of this rock being fubjected to the effect of waves, 
and the action of currents, muft have formed ftrata. 

The rocks of granite being once eftablifhed as the 
nucleus of our globe, we may, from the analyfis of its 
conftituent principles, and by attending to the action of the 
various agents capable of altering it, follow the degra- 
dations to which it has been fubjected, ftep by ftep. 

Water is the principal agent whofe effects we fhall 
examine. 

This fluid, collected in the cavity of the ocean, is carried 
by the winds to the tops of the moft elevated mountains, 
where it is precipitated in rain, and forms torrents, which 
return with various degrees of rapidity into the common 
refer voir. 

This uninterrupted motion and fall muft gradually 
attenuate and wear away the hardeft rocks, and carry their 
pilverulent parts to diflances more or lefs confiderable. 
The action of the air, and varying temperatures of the 
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atmofphere, facilitate the attenuation and the deftru&ion 
of thefe rocks. Heat dries their furface and renders it 
more acceffible and more penetrable to the water which 
fucceeds ; cold divides them, by freezing the water which 
has entered into their texture ; the air itfelf affords the 
carbonic acid, which attacks the lime-ltone, and caufes it 
to efflorefce ; the oxigene unites to the iron, and calcines 
it : infomuch that this concurrence of caufes favours the 
difunion of principles ; and consequently the a&ion of wa- 
ter, which clears the furface, carries away the produces of 
decompofition, and makes preparation for a fucceeding pro- 
cefs of the fame nature. 

The firft effect of the rain is therefore to deprefs the 
mountains. But the Hones which compofe them muft refill 
in proportion to their hardnefs ; and we ought not to be 
lurprifed when we obferve peaks which have braved the 
deftructive action of time, and Hill remain to atteft the pri- 
mitive level of the mountains which have difappeared. The 
primitive rocks, alike inacceffible to the injury of ages as to 
the animated beings which cover lefs elevated mountains 
with their remains, may be confidered as the fource or ori- 
gin of rivers and ftreams. The water which falls on their 
fummits, flows down in torrents by their lateral furfaces- 
In its courfe it wears away the foil upon which it inceflantly 
acts. It hollows out a bed, of a depth proportioned to the 
rapidity of its courfe, the quantity of its waters, and the hard- 
nefs of the rock over which it flows ; at the fame time that 
it carries along with it portions and fragments of fuch Hones 
as it loofens in its courfe. 

Thefe Hones, rolled along by the water, muft ftrike 
together, and break off their projecting angles : a procefs 
that mult quickly have afforded thofe rounded flints which 
form the pebbles of rivers. Thefe pebbles are found to 
diminifh in fize-, in proportion to the diftance from the 
mountain which affords them ; and it is to this caufe that 
Mr. Dorthes has referred the difproportionate magnitude 
of the pebbles which form our ancient worn itones, when 
compared with thofe of modern date : for the fea extending 
itfelf formerly much more inland, in the direction of the 
Rhone, the f tones which it received from the rivers, and 
threw back again upon the fhores, had not run through io 
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long a fpace in their beds as thofe which they at pftfenl 
pafs over. Thus it is that the remains of the Alps, carried 
along by the Rhone, have fuccellively covered the vail in- 
terval comprifed between the mountains of Dauphiny and 
Vivarais ; and are carried into our feas which depolit them 
in fmall pebbles on the ihore. 

The pulverulent remains of mountains, or the powder 
which remits from the rounding of thefe flints, are carried 
along with greater facility than the flints themfelves : they 
float for a long time in the water, whole tranfparence they 
impair; and when thefe lame waters are lefs agitated, and 
their courfe becomes llackened, they are depofited in a fine 
and light pafle, forming beds more or lefs thick, and of the 
fame nature as that of the rocks to which they owe their ori- 
gin. Thefe flrata gradually become drier by the agglutina- 
tion of their principles ; they become confident, acquire 
hardnefs, and form liliceous clays, filex, petrofilex, and all 
the numerous clafs of pebbles which are found difperfed in 
ftrata, or in banks, on the ancient beds of rivers. 

Mr. Pallas has obferved the tranfition of clay to the Hate 
of filex in the brook of Sunghir, near Wolodimir. Mr. J. 
W. Baumer has likewife obferved it in Upper HeiTe. 

The mud is much more frequently depofited in the in- 
terilices left between the rounded flints themfelves, which 
intervals it fills, and there forms a true cement that becomes 
hard, and conftitut.es the compound flones known by the 
name of pudding-Hones and grit-ftones ; for thefe two kinds 
of Hone do not appear to me to differ but in the coarfenefs 
of the grain which forms them, and the cement which con- 
nects them together. 

We fometimes obferve the granite fpontaneoufly deconv 
poled. The texture of the flones which form it has been 
deiiroyed ; the principles or component parts are difunited 
and feparated, and they are gradually carried away by the 
waters. I have obferved near Mende, towards Caftlenou- 
vel, the molt beautiful kaolin on the furface of a granite, in 
a Hate of decompofition ; and this fame rock is decompofed 
in feveral other parts of our province. It appeared to me 
that the feld fpar was particularly fubjeft to be altered the 
firft. 
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Mod filiccons flones, formed by the depofition of fluvia- 
tile waters, and hardened by the lapfe of time, are eafily fub- 
jected to a fecond decompofition. Iron is the principal 
agent of thefe fecondary alterations ; and its calcination, 
determined by air or water, produces a difunion of princi- 
ples. Nature may be obferved in this procefs, by an at- 
tentive examination of fuch alterations as gun flints, vario- 
lites, porphyries, jafpers, and the like are fubje&ed to. 

The decompofition of flints calcedonies, agates, and ge- 
nerally all Hones of this kind which pofTefs a certain degree 
of tranfparence, appears to me to be referable to the vola- 
tilization of the water, which forms one of their principles, 
and is the caufe of their tranfparency. 

Thefe flones may be confidered as commencements of 
cryflallization ; and, when the water is diffipated, they ef- 
florefce after the manner of certain neutral falts. Hence 
it arifes that the decompofition is announced by opacity, a 
white colour, lofs of confidence and hardnefs ; and termi- 
nates by forming a very attenuated powder, fometimes of 
extreme whitenefs. It is this decompofition, more particu- 
larly, which forms clays. 

There are flints whole alterations formeffervefcent marles. 
Thefe do not appear to me to be of the nature of primitive 
rocks ; they have the fame origin as the calcareous flones, 
from which they differ only in confequence of a very con- 
fiderable proportion of clay. The flones which we fo abun- 
dantly find of this nature around us, among calcareous de- 
compofitions, may be confidered as of this kind. 

Water filtrating through mountains of primitive rock, 
frequently carries along with it very minutely divided par- 
ticles of quartz ; and proceeds to form, by depofition, fla- 
laclites, agates, rock cryflal, &c. 

Thefe quartzofe flalactites differently coloured, are of 
a formation confiderably analagous to that of calcareous ala- 
baflers ; and we perceive no other difference between them 
than that of their conflituent parts. 

Ill Thus far we have exhibited, in a few words, the 
principal changes, and various modifications, to which the 
primitive rocks have been fubjefted. We have not yet 
obferved either germination or life ; and the metals, 

S f 
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fulphur, and bitumens, have not hitherto prefented t! 
felves to our obfervation. Their formation appears to be 
pofterior to the exiftence of this primitive globe ; and the 
rations and decompofitions which now remain to be en- 
quired into, appear to be produced by the clafs of living or 
t organized beings. 

On the one hand, we behold the numerous clafs of ihell 
animals, which caufe the ftony mafs of our globe to incveafe 
by their remains. The fpoils of thefe creatures, long agita- 
ted and driven about by the waves, and more or lefs altered 
by collifion, form thofe flrata and banks of lime-ftone, in 
which we very often perceive impreffions of thofe fhells to 
which they owe their origin. 

On the other hand, we obferve a numerous quantity of 
vegetables that grow and periih in the lea ; and thefe plants 
likewife, depofited and neaped together by the currents, 
form flrata, which are decompofcd, lofe their organization, 
and leave all the principles of the vegetable confounded 
with the earthly principle. It is to this fource that the origin 
of pit-coal, and fecondary fchiftus, is ufually attributed ; and 
this theory is eftabliihed on the exiftence of the texture of 
decompofed vegetables very ufually fcen in fchifti and coal, 
and likewife on the prefencc of metis and fiih in mofl of 
thefe produces. 

It appears to me that the formation of pyrites ought to 
be attributed to the decompofition of vegetables : it exifls 
in greater or lefs abundance in all fchifli and coal. I have 
found a wooden fhovel buried in the depofitions of the river 
De Ceze, converted into jet and pyrites. The decompofi- 
tion of animal fubftances may be added to this caufe ; and 
it appears to me to be a confirmation of thefe ideas, that we 
find many fhells palfed to the ftate of pyrites. 

Not only the marine vegetables form coniiderable ftrata 
by their decompofition ; but the remains of thofe which 
grow on the furface of the globe, ought to be confidered 
among the caufes or agents which concur in producing 
changes upon that furface. 

We mall feparately confider how much is owing to each 
of thefe caufes ; and fhall follow the effects of each, as if 
that caufe alone were employed in modifying and altering 
our planet. 
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1. The calcareous mountains are conftantly placed upon 
the furface of the primitive mountains ; and though a few 
folitary obfervations prefent a contrary order, we ought 
to confider this inverlion and derangement as produced by 
mocks which have changed the primitive difpofition. I 
rnuft obferve alfo that the diforder is fometimes merely 
apparent ; and that fome natural ills of little information 
have defcribed calcareous mountains as inclining beneath 
the granite, becaufe this laft pierces, as it were, through the 
envelope, rifes to a greater height, and leaves at its feet, 
almoft beneath it, ahe calcareous remains depofited at its 
bafe. 

Sometimes even the lime-ftone fills to a very great depth 
the crevices or clefts formed in the granite. I have feen 
in Gevaudan, towards Florae, a profound cavity in the 
granite filled with calcareous ftone. This vein is known 
to poffefs a depth of more than one hundred and fifty toifes, 
with a diameter of about two or three. 

It likewife happens frequently enough that fuch waters 
as are loaded with the remains of the primitive granite, 
heap them together, and form fecondary granites, which 
may exift above the calcareous ftone. 

Thefe calcareous mountains are decompofed by the com- 
bined action of air and water ; and the product of their 
decompofition fometimes forms chalk or marie. 

The lightnefs of this earth renders it eafy to be trans- 
ported by water ; and this fluid, which does not poffefs 
the property of holding it in folution, foon depofites it in the 
form of gurhs, alabafters, ftalactites, &c. Spars owe 
their formation to no other caufe. Their cryftallization is 
pofterior to the origin of calcareous mountains. 
. Waters wear down and carry away calcareous moun- 
tains with greater eafe than the primitive mountains ; their 
remains being very light, are rolled along, and more or 
lefs worn. The fragments of thefe rocks are fometimes 
connected by a gluten or cement of the fame nature ; from 
which procefs calcareous grit and breccias arife. Thefe 
calcareous remains formerly depofited themfelves upon the 
quartzofe fand ; and the union of primitive matter and, 
fecondary products, gives rife to a rock of a mixed nature, 
which is common in our province. 



274 Geological Observations. 



a 



2. The mountains of fecondary fchiftns frequently exhi- 
bit to us a pure mixture of earthy principles, without the 
fmalleft vestige of bitumen. Thefe rocks afford, by analy- 
sis, fdex, alumine, magnefia, line in the Hate of carbo- 
nate, and iron ; principles which are more or lefs united, 
and confequently accefiible in various degrees to the action 
of fuch agents as deftroy the rocks hitherto treated of. 

Thefe fame principles when difunited, and carried away 
by waters, give rife to a great part of the Hones which wc 
have comprifed in the magnefian genus. The fame ele- 
ments, worn down by the waters, and depolited under 
circumstances proper to facilitate crystallization from the 
fchorls, tourmaline, garnets, &.c. 

We do not pretend by this to exclude and ahfpjutely 
reject the fyftem of fuch naturalifts as attribute the forma- 
tion of magnefia ftones to the decompoiition of the pri- 
mitive rocks. But we think that this formation cannot be 
objected to for feveral of them, more efpecially fuch as 
contain magnefia in thegreateft abundance. 

It frequently happens that the fecondary fehifti are inter- 
fperfed with pyrites; and, in this cafe, the fim pie contact 
of air and water facilitates their decompofition. Sulphuric 
acid is thus formed, which combines with the various con- 
itituent principles of the (tone ; whence refult the fulphates 
of iron, of magnefia, of alumine, and of lime, which 
efflorefce at the furface, and remain confounded together. 
Schifti of this nature are wrought in moft places where alum 
works have been established ; and the moft laborious part 
of this undertaking confifts in feparating the fulphates of 
iron, of lime, and of magnefia from each other, which 
are mixed together. Sometimes the magnefia is fo abun- 
dant that its fulphate predominates : I have feen mountains 
of fchiftus of this nature. The fulphate of lime being 
very fparingly foluble in water, is carried away by that 
liquid, and depofited to form gypfum ; while the other 
more foluble falts remaining fufpended, form vitriolic 
mineral waters. 

The pyritous fehifti are frequently impregnated with 
t/itumen, and the proportions conftitute the various quali- 
ties of pit coal. 
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It appears to me that we may lay it down as an incontei- 
table principle, that the pyrites is abundant in proportion as 
the bituminous principle is more fcarce. Hence it arifes, 
that coals of a bad quality are the mod fulphureous, andde- 
ftroy metallic ve&h by converting them into pyrites. The 
focus of volcanos appears to be formed by a fchiftus of this 
nature ; and in the analyfes of the ftony matters which are 
ejected we find the fame principles as thofe which confti- 
tute this fchiftus. We ought not therefore to be much fur- 
prifed at finding fchorls among volcanic products ; and ftill 
lefs at obferving that fubterranean fires throw fulphuric falts, 
fulphur, and other analogous produces out of the entrails of 
the earth. 

3. The remains of terreftrial vegetables exhibit a mix- 
ture of primitive earths more or lefs coloured by iron : we 
may therefore confider thefe as a matrix in which the feeds 
of all ftony combinations are difperfed. The earthy prin- 
ciples affort themfelves according to the laws of their affini- 
ties ; and form cryftals of fpar, of plafter, and even the rock 
cryftals, according to all appearance : for we find ochreous 
earths in which thefe cryftals are abundantly difperfed ; we 
fee them formed almoft under our eyes. I have frequently 
obferved indurated ochres full of thefe cryftals terminating 
in two pyramids. 

The ochreous earths appear to me to deferve the greateft 
attention of naturalifts. They conftitute one of the moft 
fertile means of action which nature employs ; and it is 
even in earths nearly fimilar to thefe that fhe elaborates 
the diamond, in the kingdoms of Golconda and Vifapour. 
If it were allowable to indulge in a fiction purely poetical, 
we might affirm that the element of fire, fo far from being 
loft by the difperfion of the combuftible principles of vege- 
tables, becomes purified to form this precious ftone fo emi- 
nently combuftible ; that nature has been defirous of prov- 
ing that the terms DeftrucYion and Death are relative only 
to the imperfeftion of our fenfes ; and that fhe is never 
more fruitful than when we fuppofe her to be at the moment 
of extinction. 

The fpoils of animals which live on the furface of the 
globe, are entitled to fome confideration among the num- 
ber of caufes which we affign to explain the various changes 
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our planet is fubje£ted to. We find bones in a ftate of con- 
fiderable prefervation in certain places ; we can even fre- 
quently enough diftinguiih the fpecies of the animals to 
which they have belonged. From indications of this fort it 
is that fome writers have endeavoured to explain the difap- 
pearance of certain fpecies ; and to draw conclufions from 
thence, either that our planet is perceptibly cooled, or that 
a fenfible change has taken place in the pofition of the axis 
of the earth. The phofphoric falts and phofphorus which 
have been found, in our time, in combination with lead, 
iron, &c. prove that, in proportion as the principles are dii- 
engaged by animal decompofition, they combine with other 
bodies, and form the nitric acid, the alkalis, and in general 
all the numerous kinds of nitrous falts. 



PART THE THIRD. 



CONCERNING METALLIC SUBSTANCES. 



INTRODUCTION. 



_ETALLIC fubftances are diftinguifhed from 
all the other productions of our globe, by an abfolute opa- 
city, a much greater fpecific gravity than that of any other 
fubflance, and a degree of brilliancy peculiar to bodies of 
this clafs. 

The multiplicity ofufesto which metals are applied in 
the arts, and in medicine, as well as the place which they 
occupy in the natural hiftory of our planet, render the fludy 
of them both interefting and neceiTary. 

i. One of the diflinctive characters of metals is their 
opacity. The moft opake ftone, divided into very thin 
laminae, becomes transparent ; whereas the thinnefl plate 
of metal preferves the fame opacity as the mafs itfelf.* 
This truly charadleriftic property has induced artifts to 
employ metals to reflect the images of objects. A thin 
covering of tin and mercury fixed on the furface of a glafs, 
forms a mirror or looking-glafs ; and well-polifhed fteel 

* Gold excepted ; which, when beaten into leaf of about the two 
hundred and eighty thoufandth part of an inch in thicknefs, tranfmits 
light of a beautiful green colour. It is highly probable that other 
metals would become tranfparent if they could be mechanically divided, 
or heaten out into laminceof fufficient thinnefs, or if artifts had fufficient 
motives to attempt it. 

See Newton on Light and Colours, for the proofs on which lie 
grounds his general inference — that all bodies are tranfparent when fuf- 
iiciently divided. T. 
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conftitutes the mirrors of telefcopes.* The hardnefi of a 
metal contributes angularly to facilitate the reflection of ob- 
jects, as it renders it capable of taking a very fine polilh, 
but its colour mull neceilarily concur to render it perfect ; 
for thefe tinges caufe it to abforb a greater or Ids quantity 
of the rays. The great defect of metallic mirrors is, that 
their furface becomes tarnifhed by the inevitable alteration 
which the action of the air and moiflure mult produce. 

2. The relative weight is likevvife a character by which 
we may diftinguifh a metallic fubftance. A cubic foot 
(French) of marble weighs 190 pounds (livres) ; a cubic 
foot of tin weighs 510 ; and a cubic foot of gold 1348. 

The metals, in general, likewife pofTefs the facility of 
being extended and flattened when ilruck, or fubjedted to 
a (hong and gradual preffure : this property is known by 
the name of Ductility. All the metals do not pofTefs this 
quality ; but thofe which pofTefs the metallic qualities moil 
eminently, exhibit this likewife. We may diftinguifh three 
flates of ductility relative to the manner in which it is modi- 
fied by various known procefTes. 1. Ductility under the 
hammer. 2. Ductility through the plate of the wiredrawer. 
3. Ductility between the laminating rollers. 

Metals ductile under the hammer prefent themfelves in 
the following order : Gold, Silver, Copper, Iron, Tin, and 
Lead. 

Metals ductile through the wire-drawer's plate form the 
following feries : Gold, Iron, Copper, Silver, Tin, and 
Lead. — As, in the operation of wire -drawing, the metal is 
flrongly drawn, to caufe it to pafs through holes of various 
diameters, and to reduce it into threads, the metals do not 
refift this prodigious extenfion but in proportion to their 
greater or iefs tenacity. Mr. De Fourcroy has therefore 
diftinguifhed this ductility from the foregoing, by attributing 
it merely to the tenacity of the metals. 

* I do not find that Heel has ever heen in general ufe for reflect 
telefcopes, though it has doubtlefs been tried among the many experi- 
ments made for the improvement of thefe inftruments. A kind of bell- 
metal, coniifling: of one-third tin, and two-thirds copper, is commonly 
employed for this purpofe : the addition of about a fiftieth part of arienic 
fiugulifly contributes to the clofenefs of its grain. On this '. object conlult 
the Treatife of Mr. Edwards, annexed to the Nautical Almanac for 
i< 7 . T. 
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There are fome metals which are not ductile either under 
the hammer or through the wire-drawer's plate, but become 
very confiderably fo when an equal and gradual preffure is 
applied. Zinc is of this nature. Mr. Sage has reduced it 
into very thin and very flexible leaves, by palling it between 
the laminating cylinders. 

Heat affifts the ductility of all metals, by feparating their 
integrant parts, and forming fpaces or interftices which per- 
mit the comprefled molecules to flatten and extend them- 
felves. This circumftance has induced artifls to avail them- 
felves of the affiftance of heat in the working of metals. 
Without this precaution they would either become hard, or 
crack; becaufe the particles, being too near each other would 
be no longer capable of giving way under the hammer. 

The ductility of metals permits us to fafhion them as we 
think fit ; and it is upon this admirable property that almoft 
all the arts are founded which relate to the working of me- 
tals. Without this property, metallic bodies would confift 
either of ihapelefs maffes, or large pieces of fuch figures as 
calling might produce. But we mould be deprived of the 
number of various objects which the arts have fucceffively 
afforded to fupply our wants or luxuries. 

Nature very ieldom prefents us with metals pofleffed of 
the degrees of perfection here enumerated. She has con- 
cealed them in the bowels of the earth, combined with va- 
rious fubftances ; which, by mafking or changing the me- 
tallic properties, have left to the induftry of man the labori- 
ous talk of extracting them, clearing them of their original 
combinations, and giving them the valuable qualities which 
are peculiar to metals. The metals, thus buried and con- 
cealed, form ores. Thefe ores ufually exift in clefts or cre- 
vices of rocks, which are diflinguifhed by the name of Veins. 
Thefe veins are more or lefs inclined to the horizon ; and 
the degrees of inclination have caufeel them to be diftinguiih- 
edby the names of direct, oblique, inclined, or level veins, 
according to the angle they make with the horizon. The 
part of the rock which refts upon the fuperior part of the 
vein, is called the Roof; and that part upon which the vein 
itfelf reus, is called the Bed of the vein. Thefe veins are 
of various breadths, and are accordingly diitinguifhed by 
the names of Slips of Veins. 

Tt 



2.3o Mines and Metallic Ores.. 

They pofiefs a greater or lefs degree of continuity, ac- 
cording to which they are diftinguifhed by the names of con- 
tinued or broken veins ; and when the ore is found ill fphe- 
rical parts or mafles, from fpace to fpace,,thefe mafles are 

called Bellies or Stock-works. A vein which does not pe- 
netrate to a conflderable depth in the earth, is called by us 
G our cur de Gazon. 

The characters from which mineralogifts pretend to aflert 
the exiitence of an ore in the bowels of the earth, are all 
equivocal and fufpicious. The lavage afpe£t of a mountain, 
the nature of the plants which grow upon it, the exhalations 
which arifefrom the earth, all afford characters too doubtful 
for a reafonable man to riik his fortune upon fuch indicati- 
ons alone. The dipping wand, or divining rod, is the fruit 
of fuperftition and ignorance: and the ridicule which has 
been fucceffively thrown upon this clafs of impoftors, has 
diminifhed their number ; at the fame time that the nume- 
rous dupes of this clafs of men have rendered their fucceflbrs 
more prudent. 

The nature of the Hones which compofe a mountain is 
capable of furnifhing fome indications. We know, for ex- 
ample, that ores are feldom found in granite, and the other 
primitive mountains ; we know likewife that mountains of 
too modern a formation contain them very rarely ; and we 
find them only in fecondary mountains, in which the fchiftus 
and ancient calcareous Hone are void of all impreflions of 
fliells. 

The prefence of ponderous fpar, forming a flratum or 
vein at the furface of the earth, has been confidered by many 
mineralogifts as a very good indication. It appears to me 
even that this ftone is the fame which Becher has fpoken of 
in his works, under the name of Vitrifiable Earth, which he 
confidered as a principle of metals ; and that it has been very 
improperly taken for quartz by his readers. 

The vitrifiable ftone of Becher — " lapidis fpecies quae 
in igne fluit, et fluens vitrum exhibet," — and elfewhere, 
" tranfparens enim nonnihil eft, albus, et quafi, argenteis 
foliis interfperfus, ad ignem facile liquabilis," — was con- 
fidered by him as a certain indication of the prefence of 
ores, as appears by the following paflage : " Sine quo 
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kpide, nulla minera bona eft, nee fertilatem promittit ; 
aded enim ifle lapis mineris neceflarius eft, ut vcl nude, et 
fine ullo metallo, in montibus exiftens, infallibile fignum fa- 
turi metalli fit ; quod, hoc figno freti, non fine magnis, in- 
terdum fumptibus, quaerunt minerarum indagatores ; hanc 
ergo five terram five Iapidem, non fine pregnantibus caufis, 
pro principio primo omnium metallorum, minerarum, et 
h pidum ac gemrnarum, ftatuimus et agnofcimus ; cert is 
freti experiments, ut in fequentibus demonftrabimus, qtu- 
bus evincere poffumus prsefatam terram aftu in metallis et 
mineralibus omnibus, nee non lapldibus et gemmis, exiftere, 
eorumque mixtum ut bafim et fundamentum ingredi ; unde 
eahypoftafin fuam, pppofitatem, diaphaneitatem, et fluxurh 

nancifcuntur H.32C ergo terra non modo cum pre- 

fens adeft infallibile fignum afFuturi metalli eft, fed et abfens 

idem fignum exiflit, defuturi nempe metalli defe6lus 

hujus terrae proxima et frequentiflima caui'a fterilium mine- 
rarum exiitit lapis de quo egimus, non modo ut matrix 

fed ut ingrediens et principium.'' 

When we poffefs indications of the exiftence of an ore in 
any place, we may ufe the borer, to confirm or deftroy thefe 
fufpicions, at a fmall expence. 

It frequently happens that the veins are naked or unco- 
vered ; the mixture of ftones and metals forms a kind of 
cement which refifts the deftrucYive action of time longer, 
than the reft cf the mountain ; and as thefe parts of rocks- 
connetted by a metallic cement, prefent a ftronger refill 
ance to the a£iion of waters, which incefiantly corrode and 
diminifh mountains, and carry away their parts into the 
fea, we frequently obferve the veins projecting on the fides 
oi the mountains incrufted with fome flight metallic impref- 
fion altered by the lapfe of time. 

Before we proceed to treat of metallic works in the 
large way, it will be proper to explain the methods of 
judging of the nature and value of an ore, in order that 
the members of fociety may not raihly hazard their for- 
tunes. The nature of an ore is judged from infpedtion. 
A flight acquaintance with this fubjeel is fufficient to enable 
the obferver to form an immediate judgment of the nature 
of an ore. The blow-pipe is an inftrument by the affift- 
ance of which we may in a fliort fpace of time become 
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acquainted likewife with the fpecies of the ore. Thi 
knowledge forms the docimaflic art, or docimafia. In order 
to make the allay of an ore, in general, (for all ores do not 
require the fame procefs, as we fhalL hereafter obferve), 
fmall pieces of the mineral are examined. Thcfe are clear- 
ed from foreign and ftony fubftanccs as much as pcflible. 
The pure mineral is then pounded, and a certain quantity 
weighed, which is torrefied in a veffel larger and lefs deep 
than a common crucible. By this means the fulphur or 
the arfenic in combination with the metal are diflipated ; 
and by the lofs of weight refulting from the calcination, a 
judgment is formed of the proportion of foreign volatile 
matter it contained. 

This firft operation mews the proportion and quantity of 
fulphur and arfenic which may be mixed with the metal. 
The fulphureous fmell may eaiily be diflinguiflied from the 
fmell of garlic, which characterizes arfenic. Thefe foreign 
fubflances mixed with the metal are called Mineralizers. 

In order to obtain an accurate judgment of the weight of 
the mineralizer, the augmentation in weight which the 
metal has undergone in pafling from its metallic Mate to 
that of oxide or calx, muft be added to the lofs occafioned 
by the calcination. 

Two hundred grains of this roafted ore are then to be 
taken, and mixed with fluxes capable ot fiifmg and reducing 
it. In this operation a crucible is made ufe of; and a fufli- 
cient degree of heat being applied, the metal is precipitated 
to the bottom of the crucible in a button, whofe weight in- 
dicates the quantity of metal contained in the ore. 

Thefe fluxes mult be varied according to the nature of the 
ores under examination. It is neceffary that they mould 
all contain the coaly principle, to difengage the oxigene 
with which thefe metals are impregnated by the calcination. 
But the nature of the flux muft: be varied according to the 
fufrbility of the metal. The three following will anfwer all 
thefe purpofes. 

i. The fufible material called black flux is made with 
two parts of tartar, and one part of nitre melted together. 
The coaly and alkaline refidue is ufed to reduce the ores of 
iead, copper, antimony, &c. 
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2. Two hundred grains of calcined boras, one hundred 
grams of nitre, twenty grains of flacked lime, and one 
hundred grains of the ore intended to be allayed, form the 
flux of Scopoli, of which I have found the advantage in the 
aifay of iron ores. 

The vitreous flux of Mr. De Morveau, made with eight 
parts of pounded glafs, one of borax, and half a part of 
powder of charcoal, may be employed for the fame purpofe. 

3. Arfenic and nitre, in equal parts, form likewife a 
very acYvve flux. 

The neutral arfenical fait has been ufed with fuccefs to 
fufe platina. 

As foon as the exiftence of a mine, and its nature and 
riches, are aicertained, it is in the next place neceffary to 
be allured of a fufficient abundance and continuity of water 
to anfwer the purpofes of the works. It is likewife necef- 
fary to be aiTured of poffeffing a fufficient quantity of wood 
or charcoal ; and more efpecially, a good director muft 
be procured : for, in my opinion, a poor mine well mana- 
ged is preferable to a rich one ill conducted. 

Thefe preliminary circumftances being accomplished, 
the moll fimple and leaft expenfive proceffes muft be em- 
ployed in extracting the mineral from the bowels of the 
earth. For this purpofe, fhafts or galleries muft be dug, 
according to the pofition of the vein, and the nature of its 
fituarion. 

When it is practicable to arrive at the fide of the vein, 
and at a certain depth, by a horizontal gallery, the works 
become more fimple and economical ; the fame opening 
fervingto draw off the waters, and extract the ore. Galle- 
ries are then to be carried on to the right and left ; and 
fhafts funk, which communicate with the open air, as 
likewife others carried down into the vein. Galleries are 
likewife conftrudted, one above the other, and the commu- 
nication of the works kept up by ladders. When the 
foil is friable, and defective in foliditv, care muft be taken 
to fupport it with timbers of fufficient ftrength, to pre- 
vent its falling in. 

Pickaxes, wedges, and levers are ufed to detach the 
ore, when the rock is foft ; but it is moft commonly necef- 
fary to employ gunpowder, and to form mines, 
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Want of air, and the abundance of water, arc almoft 
always noxious, and derange mine-works. The water is 
carried off by fire-engines, wind-mill pumps, and other 
fuitable apparatus. 

Currents of air are produced by eftablifhing communi- 
cations with the galleries by horizontal apertures. Furnaces 
erected on the fide of a fhaft, to which a long tube is adapted 
at one end, communicating with the afh-hole, and at the 
other plunging into the ihaft to draw up the air, or venti- 
lators placed in the fame fituation, anfwer a fi (hilar pur- 
pofe. The foul air is deftroyed by rendering a lixivium 
of afhes cauflic > and fprinkling quick-lime about the mine 
likewife produces the fame effect. 

A prudent company ought to extract the largeft pofiiblc 
quantity of ore, before they determine upon coniVructing 
the neceffary works for the fubfequent proceffes. We 
cannot fee into the bowels of the earth. Appearances are 
often deceitful ; and we have feen companies either ruined 
or difcouraged, becaufe they had employed immenfe fums 
to conftruct the neceffary furnaces to work an ore whofe 
exiftence was doubtful. When the proceedings, in an 
undertaking cf this kind, are carried on with proper 
precaution, and no more expence is entered into than what 
the ore extracted, and of a known value, is capable of 
reprefenting, the probable loffes are very flight, even in 
the pooreft mine. 

The works ought to be varied according to the nature 
and ftate of the mineral. It is found in three Hates — 1. 
In the form of a native metal : in this cafe nothing more is 
neceffary than to extract it out of the mine, to clear it of 
the extraneous fubftances, andtofufe it. 2. In the form of 
calx or oxide ; and in this Hate it is fufficient if it be foiled 
and fufed. 3. Combined with fulphur or arfenic, in which 
cafe it muff be made to undergo fome other operations. 

Although in this laft cafe, the works, fubfequent to 
the extraction, vary according to the nature of the ore, 
there are neverthelefs certain general operations to which 
every kind of ore is fubjected, which we mail here fpeak of. 

The metal is always mixed with ftony fubftances, which 
are called the Gangue. The nrft bufinefs muff therefore 
be to clear the metal of this foreign fubftance. For this 
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putpofe, when the ore is extracted, children are employed 
who examine it, and feparate the pure ore or rich mineral 
from that which is mixed with the gangue. As in this fecond 
quality the ftone is mixed with the ore, the whole is pul- 
verized by means of a ftamping mill, confifting of peftles 
of wood, mod with iron, and armed with cocks, which are 
raifed by levers proceeding from the axis of a wheel that 
confhmtly returns. The mineral is by this means crufhed 
and pulverized ; and a flream of water which is made to 
pafs over it, carries away both the metallic and ftony parti- 
cles ; the former being depofited in the firft veffels through 
which the water is madeto circulate, while the latter or flony 
part is carried to a greater diftance en account of its light- 
nefs. 

This pulverized ore is called Sclich ; and, in order to 
feparate all the earthy parts, it is warned upon tables flight- 
ly inclined, over which a conftant liream of water is made 
to flow: The fclich is agitated with brooms ; the water 
carries away all the fragments of (lone, and leaves the pure 
ore upon the table. 

The calcination of the mineral fucceeds the wafhing. In 
this operation the mineralizer is carried off. Fire is always 
the agent made ufe of. Sometimes the pounded mineral 
is difpofed in piles upon heaps of wood, which, being fet on 
fire, heat the ore ftrongly, and drive off the mineralizer. 
This calcination poflelfes the double advantage of difpofing 
the metal for fufion, as well as clearing it of the mineraliz- 
ing fubftance. When the ore is more friable it is fpread out 
in a reverbatory furnace ; and the flame which reverberates 
upon it deprives it of its mineralizer, at the fame time that 
it partly fufes it. 

Mr. Exchaquet has propofed to deftroy the fulpher by 
nitre. This procefs is excellent for copper ores. The quan- 
tity of nitre varies according to the quantity of fulphur ; 
but there is no danger of adding too much. In this ope- 
ration the mixture is thown into an ignited crucible, and 
kept at a moderate heat for fome minutes. 

The fulion is efreded in furnaces, excited by a current 
of air, kept up by means of large bellows, or a machine 
called a trompe. 
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The trompe, or blowing machine,* is formed of a hol- 
low tree which reltsupon acail: whofe lower head is knock- 
ed out, and the open part of thecafk itfelf plunged to a cer- 
tain depth under water. A current of water is made to fall 
through this wooden trunk upon a ilone which is erected in 
the middle of the calk, The air becomes difengngcd, and 
is obliged to pafs out at a collateral aperture in the calk, by- 
means of a tube which carries it to the lower part of the fur- 
nace. This air is afforded. — I. By that air which the wa- 
ter carries along with it. 2. By a current which paffes 
through apertures made at the diftance of fix feet from the 
fummit of the tree, and called trompilles. 

The dimenfions of a good trompe are the following : 
Length of the tree or wooden trunk, from its fummit to 
the fide apertures or trompilles, fix feet. 

Length of the tree from the trompilles to the calk, eigh- 
teen feet. 

Height of the calk, five feet. 
Diameter of the calk, four feet fix inches. 
The form of the internal part of the trunk above the 
trompilles, is that of a funnel, whofe fuperior opening is 
eighteen inches, and its inferior diameter five. 

The diameter of the cavity of the tree, below the trom- 
pilles, is eighteen inches. 

The diameter of the trompilles is fix inches. 
The ftone upon which the water falls is eighteen inches 
in diameter. 

When the mineral is once cleared of its gangue, its mi- 
neralizer, and all other foreign matter, it conftitutes what 
is called a metal, or regulus. 

Every fac> appears to prove that metals are fimple Jub- 
ilances ; the various alterations to which they are fubjecled, 
being combinations of the metal itfelf with other fubltances. 
None of thefe operations either difengage or feparate any 
conftituent part of the metal itfelf, as we mall fee. 

Every metal is fufed at a certain degree of heat, more or 
lefs intenfe ; and in this fituation their furface is convex. 

* I do not find in Lewi,', Commerce of Art?, where this fubjecl is 
well treated, that the Epglifh have called this machine by ar.y appre- 
ciated name. T. 
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MeiTrs. Macquer and Lavoifief having expofed gold to 
the locus of the lens of Tfchirnhaufen, obferved that this 
metal exhaled in fumes, without being decompoied ; as was 
proved by collecting it unaltered upon prefenting a plate of 
filver, which became gilt. Silver is volatilized in the fame 
manner without decompofition. • 

Metals fuied, and cooled flovvly, exhibit cryftallizations 
of confiderabie regularity. The abbe Mongez, and Mr. 
Brogniart, have fucceeded in cryfiallizing moft of them, by- 
varying the procefs ufed by the celebrated Roulle in the cryl- 
tallization of fulphur. 

Moft metals kept in a (late of fufion lofe their metallic 
brilliancy, and become converted into an opake powder 
Called Oxide, or Metallic Calx. The oxides, when urged 
by a flronger heat, are reduced into a vitriform fubftance, 
known by the name of Metallic Glafs. 

Metals acquire weight in their tranfition to the flate of 
oxide. This circumftance has led feveral adepts into error, 
who imagined they had increafed the weight of the metal. 

Geber obferves, u Ubi vel minimum augmenti metallici 
inveneris, ibi te dicimus effe ante fores philofophorum." — 
" Et fane conveniens judicium eft," adds Becher ; " id 
enim per quod corpus homogeneum augmentum capit, id 
ipfum eft quod pro principio iftius corporis haberi poteft." 
— Phyf. Subt. 

Stahl pretended that the calcination of metals arofe from 
the difengagement of phlogifton ; and he confidered their 
calces as an earth, or metallic bafts. 

Boyle affirmed that the increafe of weight in calcined me- 
tals was owing to the combination of the matter of fire ; and 
Boerhaave ventured to attribute it to the furrounding bodies, 
which depofited themfelves upon the metal. Of all the hy- 
pothefes which have been formed upon this fubjeft, that of 
Stahl has met with the greateft number of fupporters : and 
the blind zeal of his followers has carried them fo far as even 
to difguife an unanfwerable objection ; namely, that it can 
never be explained how metals, by the lofs of one princi- 
ple, at the fame time that they do not acquire another, can 
become heavier. The reduction of the oxides or metallic 
calces, without any addition of the charcoal, cannot be ex- 
plained on this hypothecs. 

Uu 
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It mufc be confefied that all chemifts were not of this way 
of thinking : and we find in the writings of Jean Key, a 
Phyfician ofPerigord, that he, in the year 1630, attributed 
the increafe of weight in calcined metals to the combination 
of air with the metal. He affirms that agitation facilitates 
this combination in no other manner than water renders the 
fand heavy which is thrown and agitated in that fluid. 

He reafons like a chemift of considerable fkill, to prove 
that the increafe of weight cannot be carritd beyond a point 
of faturation ; and he concludes his oblervations in thefe 
words : Le travail a ete mien ; le profit en soit au lectcur, ct 
a Dieu seal la glo'ire — " Mine has been the labour ; let the 
reader enjoy the advantage, and to God alone be the glory."* 

All thefe feveral fketches were never formed into a con- 
nected fyftem ; and this doctrine was even completely un- 
known, when Mr. Lavoifier proved to us that the calcinati- 
on of metals was owing merely to the fixation of oxigenous 
gas, and their reduction to the difengagement of this gas, ef- 
fected by fimple heat, or by its combination with various 
bales in fuch inftances wherein its adhefion to the metal is 
tooflrongto be overcome by mere heat. The proofs upon 
which this celebrated chemiit has eflablifhed his opinion, are 
the following facts. 

1. Metals are not oxided either in a vacuum, or in air 
which contains no part of oxigenous gas. The Count Mo- 
rozzo, Prieflley, Lametherie, and Pictet appear to have ox- 
ided lead, tin, and mercury in the carbonic acid. See the 
Memoir of Mr. Sennebier, Journal de Phyfique, Fevrier 
1787. — But this pretended oxide is nothing but a metallic 
carbonare, or the combination of a metal with an acid, which 
is very far from calcination or oxidation. 

2. Metals inclofed under aglafs, and properly heated, are 
oxided only by abforbing the oxigenous gafs contained in 
the mafs of air which is infulatcd ; and when this abforption 
is ended, it is impomble to carry the oxidation any further. 

3. Metals oxided in an atmofphere of oxigenous gas ab- 
forb it to the lall drop. 

* This is the fame Jean Rey, who, being under the neceffity of con- 
tradicting his friend Libavius on the theory of the calcination of metals, 
exclaims — " O truth, how dear art thou to me ! fince it is in thy power 
to make me enter into a conteft with lb dear a friend." 
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4. Such oxided metals as are capable of being reduced in 
clofed veffels, give out, on their return to the metallic Hate, the 
fame quantity of oxigenousgas as they had before abforbed. 

This doctrine appears to me to be eftablifhed on the 
moft complete feries of proofs which can be defired in 
matters capable of demonltration. 

The concurrence of air and of humidity Angularly affifts 
the alteration of metals. The water is decompofed in this 
procefs, and its hydrogene is diffipated, while its oxigene 
combines with the metal. This is doubtlefs the theory of 
fuch oxidations as are effected beneath the furface of water ; 
and when we find oxides, or metallic calces, in the bowels 
of the earth, defended from the contact of air, the facts 
ought to be referred only to the decompofition of water, 
or of acids which have oxigene for their bafe. 

Hence it follows that the alteration of a metal will be 
the more fpeedy — 1. In proportion as the affinity of the 
metal to oxigenous gas is itronger. 2. As the quantity of 
oxigenous gas is greater. 3. As the air is more humid, 
&c. Metals decompofe certain fubftances in order to unite 
with their oxigene, and by that means to pafs to the Hate 
of oxide. This is obfervable when the nitric acid is 
digelled upon certain metals. 

Metallic fubftances being confiderably numerous, it is 
neceffary to clafsthem, that we may bring together fuch as 
pofTefs fimilar properties, and feparate others which differ 
from them. 

Ductility ferves as a leading character. Metals may be 
diftinguifhed into fuch as are ductile, and fuch as do not 
pofTefs this property. The name of Metal has been pecu- 
liarly applied to the former, and that of Semi-metal to the 
latter kind. 

Among the metals there are fome which are changeable 
by expofure to air, while others are not fenfibly altered in 
the fame fituation. This difference has caufed afubdivifion 
of the metals into perfect and imperfect metals. 

We fhall begin by treating of the femi-metals, becaufe 
for the mod part they approach to the faline or ftony fub- 
ftances in their qualities ; and we mall conclude With the 
perfect metals, becaufe they pofTefs the metallic qualities in 
an higher degree. 
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CHAPTER I. 



Concerning Arsenic, 
r i ^ 
J[ HE fubftance which is fold in commerce 
under the name of arfenic, is a metallic oxide of a glittering 
whitenefs, fometimes of a vitreous appearance ; exciting an 
impreflion of an acrid tafie on the tongue ; volatile when 
expofed to fire, in which fituation it riles in the form of 
a white fume, with a very evident fmell of garlic. 

Although arfenic is moft commonly met with under this 
form, it may be reduced to the metallic ftate by treating it 
with oils, foaps, or charcoal in clofed veffels. The cele- 
brated Bechcr was perfectly acquainted with this procefs 
— " Si oleum, vel quodcunque pingue, arfenico mifceas, 
et per retortam diflilles urgenti igne, fublimabitur in col- 
lam arfenicum, infignitur antimonii inftar metallizatum." 
— The arfenic which fublimes is of a brilliant grey colour, 
refembling fleel, but it fpeedily becomes black in the air : 
it forms cryftals, which Mr. De Lille confiders as alumini- 
form octahedrons. 

Arfenic is fometimes found native ; and it is met v n 
ftalactites, or in protuberant depofirions formed of layers 
more or lefs diflincl and concentric, which are feparable 
from each other like the coats of an onion, or the lamina: of 
ihells, from which it has obtained the name ofteftaceous 
arfenic. In other inftances the mafles are formed of very 
fmall fcales ; which renders the furface of the fpecimen 
fometimes granulated, and fometimes full of fmall cavities : 
it is then called fcaly arfenic. Arfenic is alfo found in 
friable mafles, poffeffing fcarcely any confidence. Inthefe 
various forms we receive it from Bohemia, Hungary, Sax- 
ony, Saint Marie aux Mines, &c. 

Arfenic is volatilized by an heat of about 144 degrees of 
Reaumur. In order to let fire to this metal, it muft be 
thrown into a crucible flrongly ignited ; and then it exhi- 
bits a blue flame, and rifes in the form of a white oxide. 

If it be fublimed by a gentle heat, it cryftallizes in 
trihedral pyramids or in octahedrons. 
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Arfenic is not foluble in water. Its fpecific gravity is 
57633, according to Brifibn. Its fracture refembles that 
of Heel, but it eafily tarnifhes. 

Arfenic appears to exift in the metallic flate in its com- 
binations with cobalt in the teflaceous cobalt ore, or with 
iron in mifpickel, according to the obfervation of Bergmann. 

Arfenic unites by fufion with mod of the metals ; but 
thole which were ductile before this addition, become brit- 
tle afterwards. Thofe which are of difficult fufion alone 
flow more eafily by heat with the addition of arfenic, and 
thofe which are very fufible become refractory by the fame 
addition. The yellow or red metals become white with 
this alloy. 

Arfenic is often combined with metals in various ores, 
and is difengaged from them by calcination. In various mine 
works, long winding chimneys are conftructed, through 
which the arfenical vapours pafs, and in which they attach 
chemfelves, The cruft which is formed in procefs of time 
againft the internal furface of thefe chimneys is taken away, 
and is the fubftance met with in commerce under the name 
of arfenic. The cobalt ores of Saxony, which are torrefied 
to feparate this femi-metal, afford almoft the whole of what 
is fold. This oxide of Arfenic is fometimes native, and 
has been found in Saxony and Bohemia. It is very abun- 
dant in fueh places as are fituated in the vicinity of fubterra- 
nean fires, fuch as the Solfatara. It is often found cryftalliz- 
ed in octahedrons, according to Mr. Sage. 

The oxide is lefs volatile than the metal itfelf ; and, as 
we have before obferved, it emits a very evident fmell of 
garlic. If it be fublimed by a ftrong fire in clofed veifels, it 
becomes tranfparent like glafs ; but its furface is foon ren- 
dered opake again by expofure to air, It is not rare to find 
arfenical clafs in the arfenic of commerce : it is yellowifh, 
and foon lofes its tranfparency by expofure to air. This 
glafs is fometimes found native in the cobalt mines, and 
among volcanic products. 

Eighty parts of diftilled water, at the temperature of 
twelve degrees, are required to diffolve one part of the oxide 
of arfenic ; but fifteen are fufficient at the boiling heat. 

One part of arfenic is foluble in between feventy and 
eighty parts of alcohol at the boiling heat. 
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The oxide of arfenic partakes therefore of the properties 
of faline fubftances, and differs from the other metallic 
oxides — 1. Becaufe it is perfectly foluble in water. 2. 
Becaufe the other metallic oxides are without fmell, and 
fixed in the fire. 3. Becaufe thofe oxides do not contract 
any union with metals. 

On the other hand it refembles the metallic oxides — I. In 
becoming converted into a metallic glafs by a ftrong heat. 
2. In forming an opake infoluble fubftance, poflefling the 
metallic brilliancy when deprived of oxigene. 

The oxide of arfenic is capable of combining with ful- 
phur ; and the refult is either orpiment or realgar, accord- 
ing to the manner of operating. 

Mofl: chemiflshave a notion that the realgar contains more 
fulphur than the orpiment ; and they have prescribed dif- 
ferent proportions to form thefe two fubftances. But it has 
been proved by Mr. Bucquet, that this difference of colour 
arifes only from the manner of applying the fire ; nothing 
more being neceffary to convert orpiment into realgar, than 
the expofmg it to a ftrong heat : and with the fame mixture 
we may at pleafure obtain either of thefe products, accord- 
ing to the manner of applying the heat. 

Orpiment and realgar are found native in certain places, 
Linnaeus, Wallerius, Bergmann, and Cronftedt have def- 
er ibed them. 

Cry Mais of realgar are found in Solfatara near Naples, 
according to Ferber ; in the mines of Nagyag in Tranfyl- 
vania (fee Forfler's Catalogue ; in the mines of Felfobanya 
in Upper Hungary ; in thofe of Joachimllal in Bohemia, 
and of Marienburg in Saxony.) 

Realgar is common in China ; it is made into vafes, pa- 
gods, and other ornamental works. The Indians make ufe 
of thefe vefTels to procure a purgative medicine : for this 
purpofe they leave vinegar or lemon juice for feveral hours 
in the veflel, and afterwards drink it. 

Realgar is commonly found in the waters of volcanos. I 
have almofl always obferved it in compreffed hexahedral 
prifms, terminating in two tetrahedral fummits. 

Orpiment is lefs fcarce than the realgar. It almofl: 
always accompanies this fubflance ; but the orpiment of 
commerce comes to us from various countries up the Le- 
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vant, in irregular malTes, folid or lamellated, and of a beau- 
tiful orange yellow. The Baron de Born informs us that it 
is met with, in polyhedral cryflals, in a blueifh clay near 
Newfol in Hungary. 

Lime and the alkalis decompofe thefe two fubftances, and 
difengage the oxide of arfenic. 

The acids and the alkalis exhibit interefting phenomena 
with arfenic. 

The fulphuric acid, when boiled on the oxide of arfenic, 
attacks and diffolves it ; but this oxide is precipitated by 
cooling. If the whole of the acid be diflipated by a ftrong 
hea f the arfenical acid remains behind. 

nitric acid, affifted by heat, diflblves the oxide of 
arfei nd forms a del iquefcent fait, of which we ihall 

prefently treat. 

The muriatic acid attacks arfenic very feebly. Meffrs. 
Bayen and Charlard found its aclion very weak whether 
heated or cooled. 

In order to form the fublimed muriate of arfenic, or but- 
ter of arf ire equal parts of orpiment and corrofive fubli- 
mate of mercury are mixed together. The mixture is dif- 
flilled by a gentle heat ; and the receiver is found to con- 
tain ablackifh corroflive liquor, which forms the fublimed 
muriate of arfenic. Cinnabar comes over if the heat be in- 
creafed, according to the obfervation of Mr. Sage. 

If pure pot-afh be boiled on the oxide of arfenic, the alka- 
li becomes brown, gradually thickens, and at laft forms a 
hard brittle mafs. This arfenical fait of Mr. Macquer is 
deliquefcent. <t is foluble in water, which lets fall brown 
flocks. Itisdecompofed by fire, and the arfenic efcapes. 
Acids deprive it of its alkali, &cc. 

Soda exhibits phenomena nearly fimilar with this oxide; 
and Mr. Macquer even affirms that he obtained this fait in 
cry ftals. 

I have proved that ammoniac diffolves the oxide of arfe- 
nic by heat ; and I have feveral times obtained cryftals of 
arfenic by fpontaneous evaporation. I am even of opinion 
that the alkali is decompoied in thefe circumfcances, that 
the nitro rene is diffipated, while the hydrogene unites with 
the oxigene of the oxide, and forms water. 
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The oxide of arfenic haftens the vitrification of all the 

earths ; but the glaffes into which it enters as a component 
part, have the property of eahly becoming tafnifhed. 

Equal parts of nitre and oxide of arfenic, di Hilled in a 
retort, afford a very red and almoft incoercible nitric acid. 
Stahl and Kunckel obtained it by a procefs nearly fimilaf. 
Macquer having refumed this work, carefully examined the 
reiidue in the retort, and found that it was a fait lbluble in 
water, capable of cryilallizing in tetrahcdral prifms termina- 
ted by four-fided pyramids, unalterable in the air, fufible by a 
moderate heat, but without becoming alkalized. Mr. Mac- 
quer called it the neutral arfenical fait : he fuppofed that no 
acid could decompofe it. But Mr. Pelletier proved that 
the fulphuric, when diflilled with it, difengaged its acid. 

The arfeniate of foda differs little from the arfeniate df 
pot-afh. Mr. Pelletier obtained this fait cryflallized in 
hexahedral prifms, terminated by planes perpendicular to 
their axes. 

By thefe feveral experiments, Mr. Macquer had fhewn 
that arfenic anfwered the purpofe of an acid in thefe combi- 
nations. There remained only one ftep therefore to be made, 
to prove that it was really metamorphofed into an acid in 
thefe feveral operations ; and it is to the celebrated Scheele 
that \*e are indebted for this difcovery. His capital expe- 
riments upon manganefe naturally led him to it. 

He has given us two procefles to obtain this arfenical 
acid ; the firft by means of the oxigenated muriatic acid, 
and the other by the nitric acid. Thefe acids are diflilled 
from the oxide of arfenic : the muriatic acid abandons its 
oxigene to the oxide of arfenic, and refumes the characters 
of the ordinary muriatic acid. The nitric acid is itfelf de- 
compofed ; and one of its principles is diflipated, while the 
other is fixed and combines with the arfenical oxide. 

This acid is at prefent obtained by difUlling fix parts of 
nitric acid from one of oxide of arfenic. 

Mr. Pelletier likewife propofes to decompofe the nitrate 
of ammoniac by the oxide of arfenic. The refidue in the 
retort is the arfeniate of ammoniac, from which the alkali 
may be driven by a fire long kept up. The refidue is a vi- 
treous mafs, ftrongly attracting humidity, and falling into 
deliqulum. It is the pure arfenical acid. 
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Mr. Pelletier has likewife decompofed the neutral arfe- 
nical fait, by mixing it with half a part of oil of vitriol, 
and urging the fire to fuch a degree as to ignite the vefTels. 
The refidue at the bottom of the retort is a white mafs, 
which attracts humidity, and is the arfenical acid. A 
white powder is obfervable, which is found to be the ful- 
phate of pot-am or of foda, accordingly as the arfenical fait 
has foda or pot-am for its balls. 

From the various proceffes made ufe of to form the arfe- 
nical acid, it is evident that this fubftance is nothing but 
the arfenical oxide, faturated with the oxigene which it 
takes from the various bodies digefted upon it. The nitric 
acid, or the nitrates ufed for this purpofe, are decompofed ; 
the nitrous gas paffes over very abundantly, and the oxi- 
gene remains mixed and united with the oxide of arfenic. 

This acid poffefTes the concrete form ; but it attracts 
the humidity of the air, and becomes refolved into a fluid. 

It is fixed in the fire ; but if it be heated in contact with 
a coaly fubflance, it is decompofed, and the oxide exhales 
in the form of fumes. It is reduced into arfenic, according 
to Mr. Pelletier, by paffing hydrogenous gas through it. 

At the temperature of twelve degrees of the thermome- 
ter of Reaumer, this acid requires only two-thirds of its 
weight of water to diffolve it ; whereas one part of the 
oxide of arfenic requires twenty-four of water to diffolve 
it at the fame temperature. 

This acid, when deffolved in water may be again con- 
centrated, and carried to the ftate of a tranfparent glafs 
without any alteration ; for it is not by this treatment 
deprived of its power of attracting humidity from the air. 

When it is in this ftate of concentration, it ads flrongly 
on the crucible, and diflblves the allumine, according to 
Mr. Berthollet's experiments. 

The arfenical acid, faturated with ammoniac, and duly 
evaporated, forms a felt cryftallized in rhomboides 
which, when urged by heat, lofes its water of cryftallization, 
next its alkali, and is refolved into a vitreous mafs. 

Barytes and magnefia appear likewife to have a ftronger 
affinity with this acid than the alkalis, according to Berg- 
mann. Lime decompofes the neutral falts with bafe of 
alkali, according to the experiments of the fame chemift. 

X x 
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Arfenic is ufecl by the dyers ; it is likewife ufed as a flux 
in glafs-houfes, and in docimaffic works ; it alfo enters as a 
component part into fome glazes. Orpiment and realgar 
are very much ufed by painters ; but arfenic is one of thofe 
productions whofe advantages are not fuflicicut to compen- 
sate for its bad effects. This metal, which is very abun- 
dant, and very frequently met with in mines, caufes the 
deftruction of a number of workmen who explore them : 
being very volatile, it forms a dull which affects and deftroys 
the lungs ; and the unhappy miners, after a languifhing 
life of a few years, all perifn, fooner or latter. The pro- 
perty which it poflefies of being foluble in water, multi- 
plies and facilitates its deflructive power ; and it ought to 
be profcribed in commerce, by the 11 rift law which prohi- 
bits the fale of poifon to unknown perfons. Arfenic is 
every day the inhVument by which victims are facrificed, 
either by the hand of wickednefs or imprudence. It is 
often miflaken for fugar ; and thefe miffakes are attended 
with the mod dreadful confequences. Whenever there is 
the leafl reafon to fufpeft its prefence, the doubt may be 
cleared up by throwing a fmall quantity of the powder upon 
heated coals. The fmell of garlic, and the white fumes, 
are indications of the prefence of arfenic. The fymptoms 
which characterize this poifon are, a great conftriction of 
the throat, the teeth fet on edge, and the mouth ftrongly 
heated ; an involuntary {"pitting, with extreme pains in the 
ftomach ; vomiting of glairous and bloody matter, with 
cold fweats and convulfions. 

Mucilaginous drinks have been long ago given to perfons 
poifoned by arfenic. Milk, fat oils, butter, &c. have 
been fucceffively employed. — Mr. Navier has propofed a 
more direct counterpoifon. He prefcribes one dram (gros) 
of fulphure of pot-am, or liver of fulphur to be dilfolved 
in a pint of water, which the patient is directed to drink at 
feveral draughts : the fulphure unites to the arfenic, and 
deftroys its caufticity and effect. When thefe firft iymp- 
toms are diflipated, he advifes the ufe of mineral fulphureous 
waters. He likewife approves of milk, but condemns the 
ufe of oils. Vinegar, which diflblves arfenic, has been 
likewife recommended by Mr. Sage. 
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CHAPTER II. 



Concerning Cobalt. 

V^ OB ALT was employed by arttfts to give a 
blue colour to glafs, long before it was fuppofed to contain a 
femi-metal. We are indebted to Brandt, a celebrated Swe- 
difti mineralogift, for the knowledge of its properties, and 
metallic character. 

The fpecific gravity of fufed cobalt is 78 119. See Briffon. 

Cobalt is combined in the bowels of the earth with fulphur, 
arfenic, and other metallic fubftances. 

1. The arfenical cobalt ore is of a grey colour more or 
lefs deep, dull in its fracture, and becoming black on 
expofure to the air; in confequence of an alteration in its 
arfenical part. 

This ore of cobalt cryflallizes in fmooth cubes, and af- 
fefts feveral varieties. I have a piece which has the form 
of tetrahedral pyramids, joined bafe to bafe. This ipecies 
of cobalt fometimes affefts a confufed cryftallization in den- 
drites, and is then called Knit-cobalt ore. Sometimes it is 
found in protuberances, ftalact.ites, &.C. 

2. The fulphureous ore of cobalt refembles the grey filver 
ore in its texture : it contains iron and filver ; and efflorefces 
of a lilac colour, mixed with a yellowiih green, — Sage, An- 
nal. Chem. t. ii. 

Mr. De Lifle poflefles fpecimens of this kind, which 
came from the mine of Batnaes at Riddarhyttan. 

3. Cobalt is mineralized by fulphur and arfenic, in the 
mine of Tunaburg in Sundermania. 

The cryftallization of this fpecies is a cube "ftriated on its 
fix faces, and commonly truncated more or lefs deeply on 
its edges. 

This ore contains, according to Mr. Sage, fifty-five pounds 
of arfenic, eight of fulphur, two of iron, and thirty-five of 
cobalt. 

4. The ores of cobalt are fometimes in efflorefcence ; and 
the fulphureous ore forms by its decompofition the fulphatc 
of cobalt. 
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The fulphure of cobalt, and the arfenic al cobalt ore, pafs 
to the {tale of oxide in their decompofition ; and the fur- 
face becomes covered with a colour of peach flowers, more 
or lefs intenfe. It is fometimes coloured with an eliiorel- 
cence in the figure of {tars formed by radii applied to each 
other collaterally, and all tending to a common centre. 
This is an indiitlncTt cryftallization, in which Mr. De Lille 
thinks he obferved tetrahedral prifms terminated by dihedral 
fummits. The flowers of cobalt are frequently a mere 
powder, more or lefs coloured. Thofe ores which are in a 
ilate of complete decompofition are called Soft or Earthy 
cobalt ores. 

To affay an ore of cobalt, the firft procefs is torrefa&ion. 
Two hundred grains are afterwards tufed with an ounce and 
an half black flux. Mr. Sage is confident that more metal 
is obtained by mixing the oxide of cobalt with two parts of 
white glafs, and a fmall quantity of coal. 

When cobalt is mixed with bifmuth and iron, its oxide 
muft be diitilled with equal parts of the muriate of ammo- 
niac, until the fait which fublimes in the neck of the retort 
has acquired a green tinge. Mr. Sage, who gives us this 
procefs, obferves that feven or eight fublimations are fome- 
times neceffary to deprive the cobalt of all the iron and bif- 
muth which it contains. 

Cobalt is of a light grey colour, compact and brittle. It 
is not eafily fufed, is not volatile, refills cupel lation, and re- 
iufes to amalgamate with mercury. ' 

The working of cobalt ores is very fimple. It confifts 
in roafling the ore in a reverbatory furnace terminating 
in a long chimney, into which the vapours are received. 
Thefe vapours, or arfenical fumes, attach themfelves to the 
fides, and form a cruft, which is cleared off by criminals, 
who are condemned to this work for crimes that by the law 
deferve death. The cobalt ores of Saxony afford all the 
arfenic of commerce. When the oxide of cobalt is cleared 
of arfenic, it is known by the name of Zaffer. The zaffer 
of commerce is mixed with three-fourths of fand. This 
oxide, fufed with three parts of fand, and one of pot-afh, 
forms a blue glafs, which, when pounded, fifted, and 
afterwards- ground in mills, included in large calks, forms 
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Smalt. In order to obtain the blue of various degrees of 
finenefs, the fmaltis agitated in calks filled with water, and 
pierced with three openings at different heights. The water 
of the upper cock carries out the lighted blue, which is 
called Azure of the Firft Fire : the heavier particles fall 
more fpeedily ; and the azure brought out by the water of 
the three cocks, forms the different degrees of finenefs known 
under the names of Azure of the Firll, Second, and Third 
Fire. 

Bohemia and Saxony have hitherto poflefled theexclufive 
power of fupplying us with thefe products. A defcription of 
thefe capital works may be feen in the mineralogicai produc- 
tions of Meflrs. Jars. The works of Saxony have been fup- 
plied, for feveral years, by the cobalt ore difcovered in the 
Pyrenean Mountains, in the valley of Gifren. But the 
Comte de Beufl has formed eitablifhments which feeure to 
us the benefit of this commerce ; and he has even been fo 
fortunate as to find, near the village of Juget, a quartz fuf- 
ficiently charged with cobalt to admit of being fufed without 
any addition of colouring matter. 

The eftablifhment of the Comte de Beufl is capable of 
manufacturing fix thoufand quintals of azure, or enamel 
blue ; and is able not only to fupply our own wants, but 
to enter into competition with the works of Saxony for the 
foreign trade.* 

He has likewife, in concert with the Baron Dietrich, 
difcovered the procefs of making powder blue ; a fecret 
which was exclufively in the poiTeffion of the Hollanders till 
the prefent time. 

Smalts are ufed in the preparation of cloths, laces, linens, 
muflins, thread, &c. 

The azures are mixed with ftarch, and form the blue fo 
well known and univerfally ufed by laundrefies. 

It is likewife employed in forming blue paintings on 
fayence, porcelain, and other potterks ; cryflals and glalTes 
are coloured blue by this Jubilance ; and it is alfo ufed in 
painting in frefco. 

* A defcription of the works of the Comte de Beufl may be feen in 
the Description des Gites des Mineral's, des Forges, et des Salins des Py 
■ nies, par M, le Baron de Dietrich. 
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The coarfefl: blues are ufed by the confectioners and 
others, in the way of ornament ; and in Germany they are 
ufed as fand for writing-paper. 

The confumption of fmalt, azure, blue fands, and zaf- 
fers, in the kingdom of France only, is eftimated at four 
thoufand quintals, which are fold from feventy-two to fix. 
hundred livres the quintal. 

Cobalt is foluble in the acids. 

One part of this metal, diftilled with four parts of ful- 
phuric acid, affords the fulphureous acid ; and the refidue in 
the retort is the fulphate of cobalt, foluble in water, and ca- 
pable of cryftallizing in tetrahedral rhomboidal cry Hals, ter- 
minating in a dihedral fummit. 

Barytes, magnefia, lime, and alkalis decompofe this fait, 
and precipitate the cobalt in the form of oxide. 

One hundred grains of cobalt diflblved in the fulphuric 
acid, and precipitated by foda, afford one hundred and forty 
grains of precipitate, and one hundred and iixty when pre- 
cipitated by chalk. 

The nitric acid diffolves cobalt with effervefcence. The 
folution affords cryftals in needles, which have not been 
ftrictty examined. This fait is deliquefcent, boils on the 
coals without detonating, and leaves a deep red calx. I 
have feen this fait in very fhort beautiful hexahedral pyra- 
mids. It decrepitates and fufes on charcoal. 

The muriatic acid does not diffolve cobalt in the cold, but 
by the affiftance of heat it diffolves a portion of it. This acid 
adts more effectually upon the zaffer, and the folution is of 
a very fine green, and when diluted with water conflitutes a 
very fingular fympathetic ink ; for it panes from a lilac, or 
violet colour, to purple, green, and black. 

The nitro-muriatic acid likewife diffolves cobalt, and 
forms the fympathetic ink, which Hellot has called the Ink 
of Biimuth. 

Ammoniac likewife diffolves zaffer, and produces a liquor 
of a beautiful red colour. 
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CHAPTER III. 



Concerning Nickel. 
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YERNE appears to have been the firft who 
treated of nickel, under the name of Kupfernickel, in 17941 
in a work on minerals. 

Henckel confidered it as a fpecies of cobalt, or arfenic 
mixed with copper. 

Cramer has likewife placed it among the ores of copper; 
and it was not until the year 1751, that Cronftedt obtained 
a new femi-metal from this pretended mixture. 

Kupfernickel is found not only in the German diftricts, 
but likewife in Dauphiny, and in thePyrenean Mountains. 
In digging out a calcareous Hone for building, at Bareges, 
and oppofite St. Sauveur, frnall veins and lumps of nickel 
were found in the calcareous fpar, lome parts of which were 
reduced to the Hate of green oxide. Mr. Sage, who analy- 
fed that of Biber in Heffe, and that of Allemont, found it to 
contain gold. 

In order to obtain nickel from its ore, it mull firft be tor- 
refied to difengage the arfenic ; and the oxide mull then be 
fufed with three parts of black flux, and a fmall quantity of 
coal. This metal is .of a reddifh grey colour. 

The fpecific gravity of fufed nickel is 7,8070. Briflbn. 

As it is very difficult to drive off all the arfenic by a pre- 
vious tor refaction, the metal, when urged by a violent fire, 
ftill fuffers arfenic to efcape. 

The methods pointed out by Bergmann and Arvidfon to 
purify nickel, confift in repeated calcinations and reducti- 
ons ; but thefe operations feparate the arfenic only ; and 
Bergmann admits that he did not fucceed in completely de- 
priving it of its iron, though he treated it by every fuitable 
method. Pie feems difpofed to confider it as a modifica- 
tion of iron. 

The Diflertation of Bergmann De Nicolo, Opufcula, t. 
ii. may be confulted on the nature of this metal ; and alio 
the Analyfe Chimique of Mr. Sage, ike. 
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The fulphuric acid diftilled upon nickel affords ful- 
phureous acid, and leaves a grcyifli refidue, which, 
when diflblved in water, communicates to it a green co- 
lour. 

The fulphate of nickel afflorifces in the air. 

Nickel is attacked very ftrongly by the nitric acid. 

The folution, when evaporated, affords cryfials of a 
beautiful green, in rhomboidal cubes. 

The nitric acid likewife diffolves the oxide of nickel, 
and forms with it cleliquefcent cryfials of a fine emerald 
green, and of a rhomboidal form, according to Bergmann. 

The muriatic acid diffolves nickel, when heated. The 
folution produces cryfials of the moil beautiful emerald 
green, and of the figure of long rhomboidal octahedrons. 

Croniledt has taught us that nickel combines with ful- 
phnr by fufion, and that the refult is a hard yellow mine- 
ral, with fmall brilliants facets. The fame chemifl diflblv- 
ed this lail metal in the fulphure of pot-afh, and formed 
a compound refembling the yellow copper ores. 

Nickel does not amalgamate with mercury. 



CHAPTER IV. 
Concerning Bismuth- 



^JISMUTH, or tin-glafs, is a femi-metal of a 
(Inning yellow ifh white, difpofed in plates and chatoyant. It 
has fome analogy with lead ; and, like that metal, it paffes 
off on the cupel, carrying the bafer metals along with it. 

The fpecific gravity of fined bifmuth is 9,8227.— See 
Briffon. 

Bifmuth is the mod eafily fufed of all the femi-metals, af. 
ter tin. It requires only the 200th degree of heat. 

It is found in various flates in the bowels of the earth, 
either native, or combined with fulphur, arfenic, or oxi- 
gene. 

1. Native bifmuth is fometimes cryflallized in cubes : 
Wallerius and Croniledt found it in this form in the mines 
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of Schneeburg in Saxony. Thefe cryftals often re-unite 
in the form of dendrites, in the fpathofe or quartzofe gan- 
gues. Native bifmuth is found in mafles, covered with 
protuberances refembling ilalaQites. 

Native bifmuth is frequently altered by a flight decom- 
pofitionof itsmetalic furface. 

The native bifmuth of Saxony is fometimes irifed, and 
mixed with arfenic : it has a reddifh jafper for its gangue. 

2. Arfenical bifmuth is of a whitifh and brilliant grey 
colour. This ore is fometimes covered with an ochre of 
bifmuth, and often contains cobalt. I have feen pieces of 
arfenical bifmuth, from Schneeburg, in the form of dendrites 
on a gangue of jafper. 

3. We are indebted to Mr. Cronfledt for the know- 
ledge of a fulphureous ore of bifmuth. That which he has 
defcribed is ofabluifh brilliant grey colour. 

This fpecies frequently poffefles the lamellated texture 
of the large plated galena, which has caufed Linnaeus, 
Wallerius, and others, to give it the name of Galena of 
Bifmuth. It is found at Batneas, at Riddarrhitan in 
"Weftmanland. It decrepitates on heated coals, and re- 
quires to be pulverized, in order to torrefy it without lofs. 

The galena of Bifmuth is fometimes ilriated. 

The fulphureous ore of Bifmuth is fometimes compact, of 
an obfcure colour, fprinkled with fmall brilliant points. 
That of Schneeburgh in Saxony is of this kind. 

Mr. De la Peyroufe difcovered, in 1773, on the moun- 
tains of Melles in Cominges, in the quarter called Les 
Raitz, an ore of bifmuth, which refembles this fmall plated 
galena, and has no external difference, excepting that it is 
lefs heavy. This ore is mineralized by lulphur, in the 
proportion of thirty-five livers per quintal. 

4. Cronftedt Linnaeus, Jufti, and De Born, have fpo- 
ken of a bifmuth ore of a greenifh yellow, found in 
Saxony, and in Sweden. Mr. Sage communicated to the 
Academy, on the 17th of Auguft 1780, the analyfis of an 
earthv folid, yellowifh green ore of bifmuth. He obtained 
quartz in the proportion of one-third, fome carbonic 
acid, thirty-fix pounds of bifmuth per quintal, and twenty- 
four grains of filver : he found neither copper nor iron. 
Befidcs this green ore, he analyfed a yellow acid, fihtly 

Yy 
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brilliant, and fometimes femi-tranfparent ore, which afford- 
ed him nearly the fame refults, but nine pounds more of 
bifmuth. 

This oxide muft be fufed in the blaft furnace. 

The fufibility of bifmuth renders the working of this 
ore very fimple, and the apparatus may be varied in feveral 
ways. Nothing more is neceffary than to throw the ore 
into the fire, and to make a cavity underneath to receive 
the femi-metal. 

Bifmuth, when heated to rednefs, burns with a blue- 
flame, fcarcely perceptible. Its oxide riles in the form 
of a yellowiih fume, which, when conclenfed, forms the 
flowers of bifmuth. Its weight is increafed, twelve per 
cent, in pairing to the ftate of oxide. 

Mr. Darcet has converted bifmuth into a glafs of a dull 
violet colour. 

Bifmuth may be fubfrituted inflead of lead, in the pro- 
cefs of cupellation. Its vitrification is even more fpeedy. 

The fulphuric acid, boiled on bifmuth, fuffers fulphu- 
reous acid to efcape, and partly dilfolves the femi-metal. 
The fulphate of bifmuth does not cryftallize, but is very 
deliquefcent. 

The nitric acid attacks bifmuth, and is very fpeedily 
decompofed. Nitrous gas is difengaged, while the oxigene 
is fixed in combination with the metal. There is never- 
thelefs a portion diffolved which is capable of forming a 
fait in rhomboidal, tetrahednd prifms, terminating in a tetra- 
hedral pyramid with unequal faces. This nitre detonates 
weakly with reddirn fcintillations ; and melts, fwells up, 
and leaves an oxide of a greenifh yellow colour. 

This fait lofes its tranfparency in the air, at the fame 
time that its water of cryftallization flies off. 

The muriatic acid does not act on bifmuth but in the 
courfe of a confiderable time ; and for this purpofe it muff 
be highly concentrated. The muriate of bifmuth is of 
difficult cryftallization, and ftrongly attracts the humidity 
of the air. 

Water precipicates this femi-metal from all its folutions ; 
and the precipitate, when well warned, is known by the 
name of Magiftery of Bifmuth, or white paint for the 
complexion. This white is ufed as a pigment for the fkin • 
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but ftrong or fulphureous vapours, and even the animal 
tranfpiration, convert it into metal, and alter its colours. 
The hair-dreffers, when they are defirous of converting hair 
to a black colour, fmear it with pomatum prepared with the 
magiftery of bifmuth. 

Bifmuth is ufed by the pewterers to give hardnefs to the 
metallic compofition of pewter. 

Mr. Pott has publifhed a differtation, in which he af- 
firms that phyficians have made ufe of fome preparations 
of this femi-metal : but it is proper that it fhould be prohi- 
bited, becaufe it almolt always retains a portion of arfenic, 
and it ielf partakes of the noxious properties of lead. 

The white of bifmuth is very much ufed as a paint for 
the complexion. Its various folutions form fympathetic 
inks, which are more or lefs curious, on account of the fa- 
cility with which this oxide is altered, and becomes black. 

Schluter, in his Treatife of the Fufion of Ores, pretends 
that it may be ufed in making the azure blue glafs. But 
it appears, from his own account, that he made ufe of a bif- 
muth ore very rich in cobalt. For he fays, that a moderate 
fire caufes this ore to fuffer its bifmuth to flow out, and that 
refidue is a grey and fixed earth, which may be employed to 
advantage in making the blue. 

This femi-metal unites with all the metals ; but very dif- 
ficultly, in the way of fufion, with the other femi-metals, or 
the metallic oxides. Antimony, zinc, cobalt, and arfenic 
re f ufe this union. 

Bifmuth, fufed with gold, renders it eager, and communi- 
cates to it its own colour. It does not render filver fo brittle 
as gold : it diminifhes the red colour of copper, but is de- 
prived of its own colour by uniting with lead ; the two me- 
tals in this cafe forming an alloy of a dark grey colour. 
When bifmuth is mixed in a fmall proportion with tin, it 
gives it a greater degree of brilliancy and hardnefs. It may 
be united with iron by a violent heat. 

Bifmuth amalgamates with mercury, and forms a fluid 
alloy ; a circumllance which has induced certain unprin- 
cipled druggifts to mix it with that metal. The fraud may 
be known from the mercury being lefs fluid than before, 
and no other tell is neceflary than to diffolve the mixture in 



306 Antimony. 

fpirit of nitre; for the bifmuth will be precipitated by the 
addition of water. 

Tiiis property, however, of amalgamating completely 
with mercury, may caufe it to be applied with ; 
in the filvering of glades, by an amalgam of tin, bifmuth, 
and mercury. This is, perhaps, the eircumftance which 
has obtained it the name of tin-glafs. 

The fufible alloy of Mr. Darcet is a mixture of eight 
parts of bifmuth, five of lead, and three of tin. It melts in 
water at the feventy-third degree of Reaumur, and flows 
like mercury. 



CHAPTER V. 
Concerning Antimony. 



NTIMONY is a femi-metal which has fin;, 
gularly engaged the attention of alchemifts. They coniider- 
ed it as the bafis of their great work ; and it is defcribed in 
their writings under the names of the Radical Principle of 
Metals, Sacred Lead, &c. 

This femi-metal is famous for the difputes which were 
maintained concerning it, at the beginning of the fixteenth 
century. It was prohibited by a decree of parliament, at 
the folicitation of the faculty of Paris. Poumier of Caen, 
afkilful phyfician and chemift, was degraded by the Faculty 
of Medicine, for having employed it in 1609. 

This fame profcribed metal was re-eftabhfhed in 1624; 
and at prefent affords the mod powerful remedies pofleffed 
by the medical art. 

Bazilius Valentinus, a zealous partizan of antimony, 
pleaded its caufe with much warmth and enthufiafm, in 
a work entitled Currus Triumphalis Antimonii : and Le- 
mery has written a large volume to decry the preparations 
of this femi metal. 

As this fubflance afforded employment for a long time 
to the alchemifts, its ftudy is rendered particularly difficult 
by the multiplicity of preparations, and the barbarous names 
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which have been given to them, and to the variety of proe'ef- 
fes. But by confounding preparations of the fame nature ; 
by bringing the analagous 'products together, rejecting at 
the fame time the numerous lift of barbarous names which 
have been bellowed on one and the fame thing ; and by 
reducing the procefles to that fimplicity of which the well- 
known preparations are fufceptible ; we may fucceed in 
forming an accurate and precife idea of the nature and 
properties of this metal. 

Antimony is found in the bowels of the earth, in four 
different ftates. 

1. In the metallic form. 

2. Combined with arfenic, 

3. Mineralized with fulphur. 

4. In the ftate of oxide. 

1. Some authors pretend that antimony in the metallic 
Jtate was difcovered in the year 1748, by Ant. Swab, in 
the mine of Sahlburg, in Sweden. Swab affirms that it has 
the colour of filver, that its texture is formed of large bril- 
liant plates, and that it eafily amalgamates with mercury. 
Cronlredt, Wallerius, Linnaeus, and Cartheufer, do not 
hefitate to admit of native antimony ; but Lehman, Jufti, 
and Vogel deny its exiftence : and Mr. De Lille thinks 
that this pretended regulus is nothing but the white arfe- 
nical ore of antimony. The abbe Mongez affirms that he 
has difcovered native antimony at Allemont in Dauphiny. 
It is the fame ore which Mr. Sage has defcribed under the 
name of the Arfenical Ore of Antimony. 

If this native Antimony really exifts, it is probably cryf- 
tallized like the metal itfelf, which is known to us, and whofe 
cryftals are either octahedrons inferted one in the other, or 
cubes placed one upon each other flantwife. 

2. The arfenical ore of antimony may be confidered as a 
true regulus by thofe who, after Bergmann, do not admit of 
arfenic as a mineralizer : for the ore is then confidered as 
an alloy of the two reguli. 

This ore is as white as filver, and exhibits large facets 
like antimony. The fpecimen was fent from Allemont in 
Dauphiny, to Mr. Sage. Its gangue is quartz. Small 
fafces of the grey and red ores of antimony ftriated and ra- 
diated, and not containing arfenic, are fometimes found in 
the cavities of this ltone. 
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The antimony and the arfenic cxifl in the metallic Rate 
in this ore. The arfenic adheres fo ftrongly to the anti- 
mony that it cannot be difengaged by torrefaclion. Mr. 
Sage combined the ore with fulphur, and obtained orpi- 
ment and realgar. This mineralogilt has concluded, from 
his analyfes, that the arfenic exifted in the proportion of 
fix teen pounds in the hundred. 

3. Antimony is ufually mineralized by fulphur, in which 
combination it exhibits three or four very diftintt varieties. 
It is fomgtimes cryftallized of a grey colour inclining to 
blue. The cryftals are very frequently flender, oblong, 
hexahedral prifms, terminated by tetrahedral pyramids. 
The mines which are wrought in Auvergne afford us beau- 
tiful prifms, of the fame geometrical form, but thicker 
than thole of the antimony of Hungary. Thefe laft cryf- 
tals foon become of an irifed colour ; but thofe of the mines 
of Auvergne are not fo fpeedily changed. I poflefs a large 
fpecimen of antimony from the neighbourhood of Alais, 
which is entirely covered with cryftals perfe&ly fimilar to 
thofe of Hungary. It frequently happens that thefe cryf- 
tals are confufed and indiftinct, in which cafe the ore 
appears to be formed of very (lender prifms applied 
iiclewife to each other. That which is called plumofe 
antimony does not differ from thefe varieties, excepting 
that its cryftals are very flender and detached. They 
are ufually of a blackifh grey. This variety has been 
arranged among the ores of filver, becaufe for the mod 
part it contains that metal. 

Ores of antimony have been found in feveral parts of 
France ; but our province of Languedoc exhibits very curi- 
ous fpecimens. We have them at Malbos in the county of 
Alais. This mineral has been wrought in the diocefe of 
Lizes ; but the want of confumption has prevented the 
works from going on with fpirit. Mr. De Genlanne has 
obferved in Vivarais a large vein of ore of antimony in a 
ftratum of pit-coal. 

The decompofition of the fulphureous ore of antimony 
produces the red antimonial ore. The red ore more efpe- 
cially accompanies the fpecular antimony of Tufcany. Its 
iurfaces appear to be corroded or rendered carious by 
decompoiition ; and when a piece is broken, it emits a 
powder which has the properties of kermes. 
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The decompofition of fulphureous antimony likewife 
produces die fulphate of antimony. Some varieties of 
thefe antimonial decompofitions may likewife be feen in the 
Analyfe Chimique of Mr. Sage. 

Antimony is found in two dates in the ccurfe of trade ; 
namely, in the form of crude antimony, and in the metal- 
lic form. 

Crude antimony is nothing elfe but the fulphureous ore 
of antimouy cleared of its gangue. For this purpofe the 
ore is put into pots pierced at the bottom, and difpofed 
upon other pots buried in the earth. The uppermofl pots 
which contain the mineral are then heated ; the antimony 
becomes fufed, and tlows, together with its fulphur, into 
the lower veflels, while the gangue remains in the upper 
pots. 

As the mixture of antimony, and fulphur is very fufible, 
this procefs may be varied in a thoufand ways. I have 
myfelf wrought an antimonial ore with the greater! ceco- 
nomy, by fuiing it in a furnace, over the arch of which I 
had difpofed the ore broken into pieces of five or fix pounds 
weight each. The heat was communicated to the whole 
mats by five openings in the arch or roof; and the anti- 
mony, as it melted, ran down on the outfide of the furnace 
by means of channels cut in the convex part of the dome. 
This method afforded forty quintals of antimony in twenty- 
feven hours, by the confumption of between twenty and 
thirty quintals of combuftible matter. 

We are acquainted with two methods of depriving crude 
antimony of its fulphur. 1. The flow and gradual calci- 
nation of the ore, which affords a grey oxide, and this 
urged by a violent heat is converted into a reddiih and 
partly tranfparent glafs of antimony. It does not aflume 
this tranfparence unlefs it has been perfectly fufed. The 
glafs of antimony is a violent corrofive, but is capable of 
being corrected by mixing or kneading it with yellow wax, 
and afterwards burning off the wax ; or otherwife by tritu- 
rating it with a volatile oil. This is the cerated antimony 
of Pringle, fo much extolled in dyfenteries. 2. Or other- 
wife, the antimony may be deprived of its fulphur by pro- 
jewing into an ignited crucible a mixture of eight parts of 
crude antimony, fix of tartar, and three of nitre. Bv 
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keeping this mixture for a certain time in fufion, th 
mony is obtained in the metallic Hate. 

In the large works antimony is torrefied in an oven 
refembling that of the bakers. Fifty pounds of dried wine 
lees or tartar are mixed with a hundred pounds of the 
cxide of antimony, and the mixture is then infer i in proper 
crucibles. The metallic button contains the form of the 
crucible ; and thefe loaves of antimony exhibit a flar on 
their upper furface, which has been confidered as peculi- 
arly characteriftic ; but is in fact nothing more than a con- 
fufed cryllallization formed by octahedrons inferted one 
in the other. 

Copper, Giver, and iron, when fufed with the fulphure 
of antimony, feize its fulphur, and reduce it to the Hate of 
regulus. This has been diftinguifhed by the name of the 
metal employed. Thus we hear of the regulus of Mars, 
of Venus, &c. 

Antimony is difficult of fufion ; but when once melted 
it emits a white fume known by the name of Argentine 
Snow, or Flowers of antimony. Thefe fumes, when 
collected, form very brilliant prifmatic tetrahedral cryftals : 
Mr. Pelletier has obtained them in transparent octahedrons. 
The argentine flowers of antimony are foluble in water, 
which they'render emetic. The volatility and folubility of 
this fublimed oxide exhibit a refemblance with the oxide of 
arfenic before treated of. We are indebted to Rouelle 
for thefe obfervations on the properties of this antimonial 
oxide. 

Antimony is very ilightly changed by expofure to air, 
in which it long preferves its brilliancy. 

Thefpecific gravity of fufed antimony is 6,7021. — See 

BriiTon. 

The fulphuric acid, by flow ebullition upon this metal, 
is partly decompofed. Sulphureous gas firft efcapes, and 
fulphur ttfelf is fublimed towards the end. When four 
parts of the acid are ufed with one of the antimony, the 
refidue, after the action of the acid, confifts of the metallic 
oxide, with a fmall quantity of the fulphate of antimony, 
which may be feparated y means of diftilled water. This 
fulphate is very deliquefcent, and is eafily decompofed in 
the ; 
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The nitric acid is decompofed upon this femi-mctal with 
great facility. It oxides a confiderable part, and difiolves 
a portion, which may be fufpended in water, and forms a 
very deliquefcent fait, decomposable by heat. The oxide 
prepared by this means is very white, and very difficult of 
reduction. It is a true bezoar mineral. 

The muriatic acid adls upon antimony only by a long 
digeftion. Mr. Fourcroy has obferved that this acid, long 
digefted upon the metal, diflblves it ; and that the muriate 
of antimony, obtained by a ftrong evaporation in the form 
of fmall needles, is very deliquefcent. It is fufible in the fire, 
and likevviie volatile. Mr. Monnet has proved that twelve 
grains of the oxide of antimony are fafficient to fiturate half 
an ounce of the ordinary muriatic acid. Meflrs. Monnet 
and De Fourcroy have always found that there is a portion 
of the muriate of antimony which is not volatilized by the 
fire : this depends upon its being {"Irongly oxided or calcined. 

If two parts of the corrofive muriate of mercury, and one 
of antimony, be diddled together, a very flight degree of 
heat drives over a butyraceous matter, which is called but- 
ter of antimony, or the fublimed muriate of antimony. It 
may be prefumed that the acid in this compofrtion is in the 
ftate of oxigenated muriatic acid, as it is in the corrofive 
fublimate. 

The fublimed muriate of antimony becomes fluid by a 
very gentle heat ; and by virtue of this property it may 
conveniently be poured from one vefiel to another : for 
nothing more is neceflary than to plunge the bottle which 
contains it into hot water, and the muriate may then be 
poured out in its liquid Hate. 

I have feveral times obferved this muriate of antimony 
cryftallized in hexahedral prifms with dihedral fummits : 
two fides of the prifm are inclined, and form that which the 
ancient chemifts difiinguifhed bf the name of cryftals in the 
form of a tomb. This muriate is ufecl as an efcharotic. 
When the fait is diluted with water, a white powder falls 
down, called powder of algaroth, or mercurius vitae. This 
powder does not contain an atom of the muriatic acid, and 
is merely an oxide of antimony produced by that acid. 

Z z 
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Simple water has fome action upon this femi-metal; for 
we find that it becomes purgative by remaining in contact 
with it. Wine, and the acetous acid, completely dillolve it : 
but the emetic wine is an uncertain remedy ; becaufe it is 
impoflible to determine with ablblute certainty the degree 
of its energy, which depends upon the very variable degree 
of acidity of the wine made ufe of. The emetic wine ought 
not therefore to be ufed but in external applications. 

The gaftric fluids likewife diflblve this femi-metal, as is 
proved by the famous perpetual pills. This purgative has 
been dillinguifhed by the name of Perpetual Pills ; becaufe, 
being very little alterable, the pill may be tranfmitted from 
generation to generation. 

The acid of tartar forms a very well known fait with anti- 
mony, which is much employed in medicine under the name 
of Emetic Tartar, Stibiated Tartar, or limply Emetic. It is 
this fait which, in the New Nomenclature, is diftinguifhed 
by the name of Antimoniated Tartrite of Pot-afh. 

In the examination of the various authors who have treat- 
ed of the preparations of this remedy, as well as by compa- 
ring the moll celebrated difpenfatories, we do not find two 
which propofe an uniform procefs which is conftant and in- 
variable in its effects. 

Some prefcribe the crocus metallorum, or femi-vitreous 
oxide of fulphurated antimony; others the glafs of antimo- 
ny ; others the liver of antimony, or fulphurated oxide at 
antimony : and others the fublimed oxide : fome combine 
feveral of thefe fubftances. But all in general adopt cream 
of tartar, or the acidulous tartrite of pot-afh, as a folvent. 

The procelfes vary not only in the choice of the fubftances 
to be made ufe of, but even in the proportions in which they 
are to be employed. We likewife find varieties in the quan- 
tity of water ufed as a vehicle, which is not an indifferent 
circumftance ; in the time prefcribed to digeft the fubftances 
together, a circumftance of the greateft confequence to be 
afcertained, becaufe the faturation of the acid depends 
abfolutely - and effentially upon it. The choice of veffels 
muft likewife influence the effect of this remedy. Hoffmann 
has affirmed that the emetic loft its effect by a long ebul- 
lition ; and Mr. Baume has proved that iron precipitates 
the antimony after a time, an<4 confequently that the iron 
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veffels prefcribed in certain difpenfatories ought to be 
rejected. 

This variety in the proceffes mull neceffarily influence 
the remit ; and we cannot be much furprifed that Geoffroy, 
who analyfed feveral antimoniated tartrites of pot-afh, 
mould have found from thirty grains to two gros and ten 
grains of metal in the ounce of this fait. 

Is it not therefore of great confeqnence to prefcribe a 
uniform procefs, whofe product mould be invariable ? 
Thefe heroic remedies, which operate in fmall dofes, ought 
to produce conftant and invariable effects through all 
Europe. It would be much more advantageous that folemn 
proceedings mould be made for the preparations of thefe 
active remedies, than for the composition of the theriaca, 
a true pharmaceutic monfter, the dofe of which may with 
impunity be varied from a few grains up to three hundred. 
It follows, from the variety of the effects of thefe fovereign 
remedies, that confultations become almoft ineffectual ; 
becaufe the phyfician prefcribes according to the effects of 
the remedies he is in the habit of ufing : and the art of 
medicine becomes no better than a difcouraging alternative 
of fuccefs and difappointment. 

At Montpellieiy, the emetic acts in a dofe of one or two 
grains ; but in other places it does not operate in a lefs 
dofe than ten or twelve : and the flibiated tartar fold by 
thofe wholefale dealers in medicine, who fupply the coun- 
try apothecaries, is ufually nothing but the fulphate of 
pot-afh, or vitriolated tartar moiftened with a foluticn of 
emetic. It is a thing greatly to be defired, that govern- 
ment which does not apply its fiamp of approbation to 
objects of luxury until they have paffed a rigid inspection, 
mould prohibit traders from circulating with impunity, 
products upon which the health of the citizen fo effentially 
depends. Thefe are the frauds and deceptions which have 
engaged me to form an eftablifhmcnt of chemical products, 
in which intelligence and probity prefide over all its opera- 
tions ; and I have fucceeded in my laboratories fo far as to 
conduct the proceffes with fufficient ceconomy to afford 
products faithfully made up, and invariable in their effects, 
at the fame price as thofe fophifticated drugs with which 
the public has hitherto been poifoned. 
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The moft accurate procefs for making an excellent 
emetic confifts in taking very tranfparent glafs of antimony, 
grinding it fine, and boiling it in water, with an equal 
weight of cream of tartar, until this fait is faturated. By 
filtration, and evaporation with a gentle heat, and ful 
quent repofe, cryftals of the antimoniated tartrite of pot- 
afh are obtained, whofe degree of emeticity appears to be 
fufficiently conftant. The cryllals may be obtained in 
feveral fucceflive produces by repeated evaporations. 

Macquer propoied the powder of algaroth, as more 
uniform in its. power. MeflVs. De Lafibne and Durande 
have adopted the opinion of Macquer; and the celebrated 
Bergmann has followed the ideas of the French chemifts, 
with a few flight modifications. 

Take five ounces of cream of tartar reduced into powder, 
and two ounces two gros of the powder of algaroth preci- 
pitated by hot water, w allied and dried. Add water to 
thefe, and boil them gently. By Alteration and evapora- 
tion the cryftals of emetic tartar are obtained ; which may- 
be given in the dofe of three grains, without fatiguing 
the ilomach or inteftines. 

The antimoniated tartrite of pot-am cryflallizes in trihe- 
dral pyramids. It is very tranfparent, is decompofed on 
the fire with crackling, and leaves a coaly refidue. Sixty 
parts of water diffblve it. It efflorel'ces in the air, and be- 
comes farinaceous. The folutions of this fait throw down 
a mucilage, which fixes, and forms a pellicle of confidera- 
ble thicknefs: it is the mucilage of cream of tartar, which 
is infoluble in water, and partly foluble in alcohol. The 
fulphuric acid blackens it, but does not itfelf become co» 
loured till after a long time. The nitric acid diflblves it 
partly ; and is itfelf decompofed, with the emiilion of much 
nitrous gas. 

The alkalis and lime decompofe the antimoniated tar- 
trite of pot-afh. Antimony, properly mixed with the 
nitrate, decompofes that* fait completely. Equal parts of 
the femi-metal and nitre being thrown into an ignited 
crucible, the fait detonates, its acid is decompofed ; and 
at the end of the operation the crucible is found to contain 
the alkali which ferved as the bafe of the nitrate, and the 
antimony reduced to the Hate of white oxide : this is called 
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Diaphoretic Antimony. The fame preparation may be 
made by ufi-ng the falplmre of antimony ; in which cafe 
three parts of the nitrate are ufed to one of the crude anti- 
mony. The reiidue in the crucible, after the detonation, 
is compofed of the oxide of antimony, fixed alkali, a por- 
tion of the nitrate not decompofed, and a (mall quantity of 
fulphate of pot-aih. This compound is Hill known by the 
name of the Solvent of Rotrou. Water deprives it of all 
the falls it contains ; and leaves only the oxide of antimo- 
ny, which is called Waihed Diaphoretic Antimony. If a 
h:i all quantity of acid be poured on the fluid which holds 
the falls in foliation-, a fmall portion of the oxide of antimony 
falls down, which was dhTolved by the alkali of the nitre. 
The precipitate forms the cerufe of antimony, or the pearly 
matter of Kerkringius. 

Equal parts of the fulphure of antimony and of nitrate, 
detonated in an ignited crucible, form the liver of antimony 
or fulphurated oxide of antimony ; which, when pulverized 
and waihed, produces the iajfron of metals, or crocus me- 
tallorum. 

The oxides of antimony have been confidered as very 
difficult of redutlion ; and it was not without furprize that 
I at firft obferved the facility with which they are all redu- 
cible by the black flux. This prejudice was ellablifhed and 
propagated for want of proper experiments. 

The alkalis do not fenfibly acl upon antimony : but the 
fulphures of alkali diffolve it completely ; and it is upon 
this principle that an operation is founded by which we 
obtain a valuable remedy, known by the name of Kermes 
Mineral, to diftinguifli it from the vegetable kermes ufed 
in dying. The preparation is fnnply a red fulphurated 
oxide of antimony. This remedy, firft pointed out by 
Glauber, who made it with antimony and the folution of 
nitre fixed by charcoal, is indebted for its celebrity to the 
wonderful cures it performed in the hands of Simon, a 
Chartreux friar ; whence it obtained the name of the Pow- 
der of the Chartreux. This religious man obtained the 
compofition from a furgeon named Laligerie, to whom it 
had been given by Mr. Chaftenay, lieutenant at Landau. 
Mr. Dodart, firft phyfician to the king, bought the fecret 
in the year 1720 ; and Mr. Laligerie rendered it public. 
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According to his procefs, the pounded fulphure of antimony 
is boiled for two hours, with one fourth of its weight of the 
folution of fixed nitre or pot-afh, in twice its weight of very- 
pure water. After ebullition the fluid is filtered ; the kermes 
falls down as it cools, and is afterwards dried. Laligcrie 
directs that more of the folution of fixed nitre be digefted on 
the metal, till it is completely diffolved. Laligerie burned 
fpirit of wine or brandy upon it. The liquor which remains 
after the kermes is fallen down, contains more kermes, 
which may be difengaged by means of an acid. This kermes, 
which is paler than the former, is known by the name of 
Golden Sulphur of Antimony, or the orange-coloured ful- 
phurated oxide of antimony. 

This procefs is no longer ufed. That which fucceeded 
the bed with me, confills in boiling ten or twelve pounds 
of pure alkaline folution with two pounds of the fulphure of 
antimony. The ebullition is continued for half an hour 
after which the fluid is filtered ; and much kermes is ob- 
tained by mere cooling. I digeft new alkali on the antimo- 
ny, until it is confumed. The kermes which I obtain by 
this means is of a beautiful tufted appearance. 

Geoffroy, who analyfed the kermes in 1734 and 1735, 
found that one gros of kermes contained from fixteen to fe- 
venteen grains of antimony, from thirteen to fourteen grains 
of alkali, and from forty to forty-one of fulphur. ButMefTrs. 
Baume, Deyeux, de la Rochefoucauld, and De Fourcroy, 
are not convinced that the waihed kermes contains an atom 
of alkali which is not neceffary to its virtues. 

Kermes is likewife one of thofe remedies in the prepa- 
ration of which the greateft care ought to be taken. It is 
neverthelefs a fubilance which all the apothecaries in the 
country buy at the fair of Beaucaire ; and the analyfis 
which I have feveral times made of this kermes, has con- 
vinced me that it very often is nothing elfe but pounded 
brick, mixed with vegetable kermes, and fprinkled with a 
ilrong folution of emetic tartar. I have found fome which 
was merely a mixture of the fine brown red and the calx of 
antimony. 

Lime and lime-water, digefted upon pulverized anti- 
mony, .afford, even in the cold, at the end of a certain 
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time, a kind of kermes, or golden fulphur, of a beautiful 
red colour. 

Antimony enters into the compofition of printers types. 
It is likewife mixed with tin to increafe its hardnefs. It was 
formerly ufed as a purgative : for this purpofe it was made 
into cups, in which water or wine was fuffered to Hand for 
a night, and tajcen by the patient the following day. 

The fulphure of antimony is ufed as a fudorinc in fkin 
diforders. For this purpofe it is tied in a cloth, and digefted 
in the ptifans appropriated to thefe diforders. It is admi- 
niftered in pills for the fame purpofe. 

The folvent of Rotrou has been much ufed to diffipate 
lymphatic concretions, and pituitous fwellings. 

Warned diaphoretic antimony is ufed in confiderable dofes 
to excite perfpiration. Some phyficians have confidered it 
as a medicine void of effect ; and Boerhaave has maintain- 
ed that its effect is not more confiderable than that of Lem- 
nian earth. 

The kermes mineral is one of the molt valuable medicines' 
that the healing art is acquainted with. It is incifive ; and 
may be admlniftered in all pituitous cafes, when the ftomach 
fails, and the lungs are obflrucled. In a more confiderable 
dofe it is fudorinc, and a Hill larger portion is emetic. It is 
employed in the dofe of from half a grain to three. 

The tartar emetic has received its name from its ufes. It 
is diflblved in water ; and this folution produces its effect. 

The liver of antimony, crude antimony, and the crocus 
metallorum, are more efpecially ufed as purgatives in the 
veterinarian practice. They are given to horfes in the dofe 
of about an ounce. 



CHAPTER VI. 
Concerning Zinc. 
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_jINC is a metallic fubftance of a blueifh brilliant 
white colour, veiy difficultly reducible into powder, but 
capable of being extended into very thin plates by the equal 
and gradual preflure of the flatting mill. From this laft 
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property, which has been proved by Mr. Sage, we r, 
confider zinc as the intermediate fubflahce between fejtti- 

metals and metals. 

Zinc is found natnraHy in various Hates. 

i. Cronfledt affirms that he Paw a radiated cfyftaHizafion 
of a metallic appearance, which is found at Schrieebirrg, 
where it is called flowers of bifmuth, but which he found to 
lc the regulus of zinc. This celebrated mineralogiil docs 
not venture to pronounce that it is native zinc. 

Mr. Bomare affirm:; that he found it in fmall pieces in 
the mines of lapis calaminarir; in the duchy of Limbo/ 
and in the zinc mines of Gofiar. This regulus may have 
anfen from the fcofiae of furnaces, or from the ancient 
works; lb that the exigence of native zinc is Hill confider- 
ed as very doubtful by thefe mineralogifts; 

2. Zinc is ufually mineral! ized by fulphur, Forming an 
ore known by the name of Blende, which in German figni- 
iies blinding or deceitful ; a name which may have been 
given to it becaufe fuch diitricls as abound with this mineral 
are barren of other ores. 

The determinate cryflalUzation of blende appears to be the 
alu mini-form octahedron, and fometimes the tetrahedron; 
but the modification of thefe primitive forms are fo nume- 
rous, that the cry (lab are found in an aftonifhing variety of 
•figures. Moll commonly they are polyhedral cry Hals of an 
indeterminate form, or fcarcely capable of being defcribed. 
On this circumftance depend the denominations of Blende 
with Large or Small Plates, Striated Blende, Compaft 
Blende, and other fpecies, which may be lien in the works 
of Meffrs. Sage, De Lifle, &c. 

The colour of thefe blendes is infinitely various ; they 
are found yellow, red, black, femi-tranfparent, Sec. 

All the blendes emit an hepatic fmell when grated or 
triturated. 

There is a kind of blende which exhibits a line of phof- 
phoric flame when fcratched with a knife, or even with a 
tooth-pick. Mr. De Bournon found this yellowifh, tranf- 
parent, and phofphoric blende, fimilar to that of Scharffen- 
burg, at Maronne in the mountains of Gifan, at the dillance 
of nine leagues from Grenoble. The phofphoric blende 
contains fcarcely any iron. 
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To make the affay of a blende, Mr. Monnet advifes f©-» 
lution of the ore in aqua fortis. The acid unites with the 
metal, and feparates the fulphur : after which the oxide of 
5:inc may be obtained by diftilling oft' the acid ; and this 
may be reduced. Bergmann obtains one part of the ful- 
phur of thcfe ores by diftillation, dhTolves the refidue in 
acids, and precipitates the metal from its folutions. Mr. 
Sage diftils blende with three parts of fulphuric acid : the 
fulphur fublimes by this operation ; and the refidue in the 
retort is the fulphate of zinc, mixed with a fmall quantity of 
fulphate of iron, and other fubftances mixed with the zinc. 
I do not know any country where blende is wrought to ob- 
tain the zinc ; but it is fornetimes mixed with lead ; and in 
the working of this laft metal the former is occafionally ob- 
tained. Such is the ore worked at Rammelfburg near Goflar 
in the lower Hartz. Great part of the zinc is diffipated 
during the fufion of the lead ore ; but a portion of this me- 
tal is obtained by a very ingenious procefs. Care is taken 
to keep the anterior part of the furnace cool ; againft which 
a none is placed with a flight degree of inclination. The 
vapours of the zinc which are carried againft this ftone, are 
condenfed, and fall in drops into powder of charcoal ; with 
which a ftone placed at the bottom is covered. The ferfli- 
metal is defended from oxidation by means of the charcoal ; 
and it is afterwards fufed and caft into convenient forms. 

This zinc is always united with a fmall quantity of lead, 
and is lefs pure than that which comes to us from India, un- 
der the name of Tutenag. 

I ftrongly calcined the blende of St. Sauveur, and mixed 
the powder with charcoal. I then put the whole into a re- 
tort whofe orifice was plunged beneath water ; and by a vi- 
olent heat, kept up for two hours, I obtained much zinc, 
which fell to the bottom of the water. 

3. The decompofition of blende gives rife to the forma- 
tion of the fulphate of zinc. The operation of nature is 
flow, but art has fupplied its defecl. All the fulphate of 
zinc which is met with in commerce, is prepared at Ram- 
melfburg. For this purpofe, after having roafted the galena 
mixed with the blende, it is thrown ignited into cifterns 
full of water, where it is left for twenty-four hours. The 
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roafted mineral is three times extinguifhed in the fame 
water ; after which the lixivium is evaporated, and put into 
coolers. At the end of fifteen days the water is decanted, 
in order to fgparate the cryfcals of the fulphate of zinc. Thefe 
cryflals are afterwards fufed in iron veflels ; and the li- 
quor is poured into coolers, vvhere it is flirred till it con- 
geals. We fhall examine the properties of this fait in due 
courfe. 

4. Zinc is likewife found in the ftate of oxide ; and it 
appears to me that nature makes ufe of two means of con- 
verting the metal to this Hate, 1. The fulphur is fometimes 
diflipated without the production of fulphate ; in which 
cafe it is replaced by the oxigenous gas, and the refult is 
that oxide of zinc which is known by the name of Lapis 
Calaminaris. I have found ftrata of lapis calaminaris, at 
St. Sauveur, intermixed with layers of blende ; and the 
tranfition of the blende to the ftate of Japis calaminaris may 
be followed in the molt interefting manner. 2. The ful- 
phate of zinc produced by the decompofition of blende in 
certain circumftances, is itfclf decompofed by calcareous 
itones. In the rich collections of Meflrs. Sage, De Lille, 
&c. we fee cryftals of calcareous fpar converted into cala- 
mine at one end, and calcareous at the other. 

Calamine cryftallizes in rhomboidal tetrahedral prifms, 
or in hexahedral pyramids. 

It is fometimes covered with protuberances ; often has 
the appearance of being worm-eaten ; and is, at other times, 
either fpongy or compact. 

Its colour varies greatly. The county of Somerfet affords 
it of white, green, and other colours. 

To make a good analyfis of calamine, Bergmann advifes 
folution in the fulphuric acid ; he obtains the fulphates of 
iron and of zinc. That of iron is decompofed by a known 
weight of zinc ; and the metal is afterwards precipitated by 
the carbonate of foda. He has afcertained that ninety-three' 
grains of this precipitate are equivalent to one hundred 
grains of zinc ; and from this weight he deducls that of the 
zinc made ufe of to precipitate the iron. 

Zinc may be obtained from calamine by diftillation. For 
this purpofe I have ufed the fame procefs as has already been 
mentioned in treating of blende. 
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Zinc yields beneath the hammer, without extending 
itfelfv If it be caft into fmatl plates, it may then be lami- 
nated, and reduced into very thin and very flexible leaves. 

The fpecific gravity of fiifed zinc is 7,1908. See BrifTon. 

Zinc, when heated, may be eafily pulverized. This ope- 
ration is very difficult without this precaution indicated by 
Macquer ; for it wears and choaks up files, and deflroys 
them in a Ihort time : befides which, they have no confi- 
derable adVion upon it. It may likewife be fufed and 
poured into water. — Thefe are the mod convenient means 
of pulverizing it. 

Zinc, treated in clofe veffels, fublimes without decompo- 
fition : but when it is calcined in the open air, it becomes 
covered with a grey powder, which is a true oxide ; and, 
if it be heated to rednefs, it takes fire, emits a blue flame ; 
and white flocks iifue from it, which are called Philofophical 
Wool, Pompholix, or Nihil Album. This oxide may be 
fufed into glafs by an exceedingly violent heat : the glafs 
is of a beautiful yellow colour. Zinc laminated into very 
thin leaves, takes fire by the flame of a taper, and burns 
with a blue colour mixed with green. 

Mr. De LafTone, who has written feveral excellent Me- 
moirs on zinc, confiders it as a kind of metallic phofphorus. 

Water appears to have fome aftion upon zinc. When 
this femi-metal begins to be ignited, if water be poured on 
it, the fluid is decompofed, and much hydrogenous gas is 
difengaged. MefTrs. Lavoifier and Meuifner have afcer- 
tained this fact, in their fine experiments on the decompo- 
fition of water. 

Sulphuric acid diffolves it in the cold, and produces 
much hydrogenous gas. A fait may be obtained by eva- 
poration, in tetrahedral prifmatic cryftals, terminated by a 
four-fided pyramid. Mr. Bucquet has obferved that thefe 
prifms are rhomboidal. This fait is known by the name 
of Vitriol of Zinc, White Vitriol, Sulphate of Zinc : its 
tafte is confiderably ftyptic. It is not much altered by ex- 
pofure to air when pure ; but fuffers its acid to efcape, at a 
degree of heat lefs than is required by the fulphate of iron. 

The nitric acid attacks zinc with vehemence, even when 
diluted with water. In this operation a great part of the 
acid is decompofed ; but if the refidue be concentrated by 
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flow evaporation, cryfb.ls are obtained in comprefled and 
itriated tetrahedral prifrns, terminated by pyramids with 
four fides. Mr. De Fourcrcy to whom we are indebted 
for this obfervation, adds, that the fait melts upon heated 
coals, and fpreads abroad with decrepitation, and a fmall 
reddifh flame. If it be expofed to heat in a crucible, it 
emits red vapours, aflumes the confidence of a jelly, and 
preferves this foftnefs for a certain lime. The nitrate of 
zinc is very deliquefcent- 

The muriatic acid attacks zinc with effervefcence. Hy- 
drogenous gas is produced, and black flocks are precipi- 
tated, which fome chemins have taken for fulphur, ethers 
for iron, and which Mr. De Laflbne confiders as an irre- 
ducible oxide of zinc. This evaporated folution becomes 
thick, and refufes to cryftallize. It fuffers a very concen- 
trated acid to efcape when heated, and the muriate itfeif 
fublimesby difiillation. 

The pure alkalis boiled on zinc obtain a yellow colour, 
and diffolve a part of the metal, as Mr. De LafTone has 
proved. Ammoniac digefled in the cold upon this femi- 
metal, difengages hydrogenous gas : this evidently arifes 
from the decompofition of the water, which alone, and 
without any mixture, is decompofed upon ignited zinc, as 
we have already obferved. 

Zinc mixed with the nitrate of pot-afh, and thrown into 
an ignited crucible, caufes this fait to detonate ftrongly. 

Zinc decompofes the muriate of ammoniac by fimple 
trituration, according to Mr. Monnet. 

Pott has obferved that a folution of alum, boiled upon 
the filings of zinc, is decompofed, and affords the fulphate 
of zinc. 

Zinc fufed with antimony, forms a hard and brittle alloy. 
It unites with tin and copper, and forms bronze ; when 
combined with copper alone, it forms brafs. 

It is mixed with gunpowder, to produce the white and 
brilliant ftars of artificial fire-works. 

It has been propofed to fubftitute this metal in the roora 
of tin, for the internal lining of copper veffels ; and it is 
afcertained from the labours of Mr. Malouin, that this cover- 
ing would be more uniformly extended upon the copper, 
and would be harder than tin, It has been remarked that 
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vegetable acids might diffolve it, arid that thefe falts are 
dangerous ; but Mr. de la Planche has made all the experi- 
ments on this fubjeft which his extenfive knowledge, and 
zeal for the public good could infpire ; and he is convinced 
that the falts of zinc, taken in a more confiderable dofe than 
the aliments prepared in veffels tinned with this femi-metal 
might contain, are not dangerous. 

The fublimed oxide of zinc is much employed by the 
German phyficians, underthe nameof Flowers of Zinc. This 
remedy is given as an antifpafmodic. It may be adminifter- 
ed in pills, in the dofe of one grain. Tutty, or pompholix, 
is mixed with frefli butter, as an excellent remedy in difor- 
ders of the eyes. 

Mr. De Morveau has fubftituted the precipitate of zinc 
to white lead, with the greateft advantage. It perfectly 
anfwers the intention of the artift, and is not attended with 
any dangerous confequences in its ufe. 



CHAPTER VII. 
Concerning Manganese. 

MINERAL of a grey orblackim colour, foil- 
ing the fingers, and ufed in glafs-houfes under the name of 
Soap of the Glafs-makers, has been long known in com- 
merce. Moft naturalifts, fuch as Henckel, Cramer, Gel- 
lert, Cartheufer, and Wallerius, have placed it among the 
iron ores. Pott and Cronftedt did not confider it as a fer- 
ruginous fubftance. The latter found it to contain tin ; and 
Mr. Sage was long of opinion that it was an intimate alloy 
of zinc and cobalt. 

The celebrated Bergmann, in the year 1764, declared 
in print, that black manganefe ought to contain a peculiar 
metal ; but he attempted in vain to extract it. However, 
Mr. Gahn, a phyfician at Stockholm, fucceeded in obtain- 
ing a metal by the affiflance of an exceedingly ftrorig fire. 
We fhall explain his procefs after having fpoken of the dif- 
ferent forms under which manganefe is found in the earth. 

Manganefe appears to be always found in the Hate 0? 
oxide ; but this oxide exhibits feveral varieties. 
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1. It is fometimes grey, brilliant, and cryflallized, form 
ed of very {lender prifms confufedly intertwined, and refem- 
bling the ore of antimony ; from which however it may be 
eafily diflinguifhed by expofing it upon charcoal. For an- 
timony fufes, and affords vapours; but the manganefe re- 
mains unchanged. 

The cryflalsof manganefe are flriated, tetrahedral, rhom- 
boidal prifms, terminating in four-fided pyramids. They 
frequently diverge from a centre. 

2. Manganefe is very often black and friable. This fpe- 
cies is found in the cavities of the brown haematites of the 
Pyrenean Mountains. 

I have difcovered an ore at St. Jean de Gardonenque, in 
the Cevennes. It is prodigioufly light, is found in flrata, 
and in pieces which almofl always have the figure of an 
hexahedral prifm, eighteen lines in length, and thirteen or 
fourteen in thicknefs. 

This ore, upon which I have made experiments that I 
fhall prefently recite, is the pureft and fineft I am acquaint- 
ed with. 

3. Manganefe is fometimes of a reddifh white colour, and 
compofed of groups of protuberances. Its fra&ure is la- 
mellated. That of Piedmont frequently has a grey, red- 
difh tinge, and appears to be compofed of fmall plates. It 
pives fire with the Heel. 

The manganefe of Macon in Burgundy is of a deeper 
grey than that of Piedmont. 

That of Perigueux is intermixed with yellow martial 
ocre. It is found in feparate bodies, and not in veins like 
that of Piedmont. 

4. Mod of the white fpathofe iron ores contain manga- 
nefe, and may be confidered as ores of this femi-metal. 
Manganefe is likewife mixed with calcareous fpar, gypfum, 
jafper, haematites, fee, Mr. De la Peyroufe has defcribed 
thirteen varieties of cryflallized manganefe found in the 
Pyrenean Mountains — See the Journal de Phyfique, Jan. 
1780, p. 67. 

5. Scheele has proved that the afhes of vegetables con- 
tain manganefe ; and it is to this mineral that the colour of 
calcined pot-afh is owing. To extratt it, three parts of fixed 
alkali, one of fifted afhes, and one-eighth of nitrate, mufl 
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be fufed together. The fluid mixture mull then be poured 
into an iron mortar, where it congeals into a greenifh mafs. 
This being pounded, and boiled in pure water, muft. be fil- 
trated, and faturated with fulphuric acid. At the end of a 
certain time, a brown powder is depofited, which poffefTes 
the properties of manganefe. 

To reduce manganefe to the metallic flate, a crucible is 
lined with charcoal ; and into a hole made in this charcoal, 
a ball of manganefe, previoufly kneaded with oil and gum 
ammoniac, is to be put ; after which the hole is to be cover- 
ed with powder of charcoal. Another crucible muft then be 
fitted on, and the veffels expofed to a violent fire for an 
hour and a half. By following this procefs, I have feveral 
times obtained the metal from the oxide of manganefe of 
Cevennes. I have even fucceeded in reducing it, by fimpiy 
putting the powder of manganefe into a lined crucible. 

The button which is obtained almoft always has afperities 
on its furface. Globules appear which fcarcely adhere to the 
mafs ; and thefe portions are ufually of a confiderably deep 
green, while the internal part has a blueifh call. 

This metal is more infufible than iron. I have feveral 
times obferved, when the fire has not been fufficiently flrong 
to fufe the manganefe, that feveral globules of iron have ap- 
peared difperfed through the agglutinated oxide. 

Saline fluxes ought to be rejected, as infufficient for this 
reduction. The great difpofition which this femi-metal has 
to become vitrified, caufes it to be difperfed in the flux, 
where it remains fufpended. I have feveral times, by 
ufing the vitreous flux of Mr. De Morveau, obtained me- 
tallic grains forming a button, or elfe difperfed in the flux ; 
which, when more narrowly examined, proved to be nothing 
but iron, cobalt, or other metals, according to the nature of 
the ore of manganefe, I have fometimes obtained even glo- 
bules of lead ; becaufe the coarfeft glafs in which the pre- 
fence of that metal is the leaft fufpefted, and which enters 
into the compofition of the flux of Mr. Be Morveau, con- 
tains it very often. 

The fpecific gravity of manganefe has been eftimated by 
Bergmann, in proportion to that of water, nearly as 6850 
to 1000, 
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The oxide of manganefe, when firongly heated in dole 
veffels, affords a prodigious quantity of oxigenous gas^ and 
begins to offord it at a degree of heat lefs than is ncceflary 
to difengage it from the oxides of mercury : a ftrong fire is 
required to difengage the lad portions. Four ounces of the 
manganefe of Cevennes afforded me nine pints ofoxigen 
gas. The refidue in the retort was a grey oxide ; one part 
of which was incrulled in the fufed glafs, and had commu- 
nicated to it a very rich violet colour. 

The oxide of man ganefe, dillilled with charcoal, afford;; 
the carbonic acid ; but, if it be calcined in an open vefTel, 
it is reduced into a grey powder, which lofes confiderably 
of its weight when the fire is very flrong ; and at length 
agglutinates, and forms a green mafs. 

If it be mixed with charcoal, it does not fuffer any per- 
ceptible change in its colour. 

Manganefe, expofed to a very violent heat, vitrifies, and 
affords a glafs of an obfeure yellow colour. The iron which 
is mixed with it preferves its metallic form. 

Manganefe is eafjly changed in the air, and is refolved 
into a brown powder of a greater weight than the femi-metal 
itlelf ; a certain proof of oxidation. 

Manganeie unites eafily by fufion with all the metals ex- 
cept pure mercury. Copper alloyed with a certain quantity 
of manganefe is Hill very malleable. 

If a mixture of ihe phofphate of urine with a fmall quan- 
tity of oxide of manganefe be placed upon charcoal, and be 
kept in fufion for a few inihmts by means of the blue interi- 
or flame of the blow-pipe, a tranfparent glafs will be produ- 
ced, of a blue colour inclining to red ; which when charged 
with a certain quantity of the fait, affumes the colour of a 
ruby. If it be kept in fufion for a longer time, a flight ef- 
fervefcence is perceived, and all the colour difappears. If 
the tranfparent globule be then foftened by the exterior 
flame, the colour foon returns, and may be again effaced by 
keeping up the fufion for a time. The fmallell portion of 
nitrate, added to the glafs, immediately rellores the red co- 
lour ; and, on the contrary, it is dellroyed by the addition 
of iulphuric falts. This globule of glafs, taken from the 
charcoal, and fufed in the fpoon of perfect metal, becomes 
red, and changes no more. Thefe experiments were made 
by the celebrated Bergmann. 
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The fulphuric acid attacks manganefe, and produces hy- 
drogenous gas. This metal is diflblved more flowly than 
iron ; a fmell is difengaged fimilar to that which is afforded 
by the folution of iron by the muriatic acid. The folution 
is as colourlefs as water, and affords by evaporation trarif- 
parent colourlei's cryltals in the form of parallelopipeds, and 
of a bitter tafte. Mr. Sage obtained them in tetrahedral 
prifms, terminated by four-fided pyramids. This fait efflo- 
refces in the air. 

If the fulphuric acid be poured on the oxide of manga- 
nefe, and its aclion aiiifted by a gentle heat, an aftonifhing 
quantity of oxigenous gas is difengaged. The oxide of 
manganefe of Cevennes afforded me five pints and a half per 
ounce. When this oxide is deprived of its oxigene, the 
refidue is a white powder, foluble in water, which by evapo- 
ration affords the fulphate of manganefe, already defcribed. 

The celebrated Bergmann has obferved that coaly matter, 
fuch as fugar, honey, and gum, affifted the adYion of the acid. 
This depends on the combination of the oxigene with thefe 
agents, to form the carbonic acid ; and the fulphuric acid 
acts more eafily upon the metal itfelf. 

Manganefe is precipitated from its foluticns by the alka- 
lis, in the form of a whitilh gelatinous matter ; but this pre- 
cipitate foon lofes its colour, and becomes black by the con- 
tact of the air. This phenomenon, which I have myfelf been 
a witnefs to, can be attributed, in my opinion, only to the 
abforption of oxigenous gas : and I was convinced of this 
truth by agitating the precipitate in bottles filled with this 
gas ; for in this fituation the black colour is produced in one 
or two minutes, and a confiderable part of the gas is abforb- 
ed. I have conftructed an eudiometer as certain and as in- 
variable as that which the liquid fulphure of potafh, or folu- 
tion of liver of fulphur, affords; but a large quantity of pre- 
cipitate is required, which muft be agitated againft the fides 
of the veffels, in order that it may prefent a greater furface 
to the air, and that the abforption may be more fpeedy. I 
judge of the abforption by caufing the veffel to communicate, 
by a graduated tube, with Handing water. The afcenfion of 
this water in the tube is proportionate to the volume of oxi- 
genous gas abforbed. 

3B 
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The nitric acid diflblves manganefe with eilerveJcencc, 
There always remains a black, fpongy, and {Viable body, 
which exhibited to Bergmann all the characters of mol\b- 
dena. Other folvents prefentcd a fimilar refidue. The 

folution of the nitrate of manganefe has frequently a dull 
colour, and affumes the red colour with difficulty. This 
folution does not afford folid cryllals, even by How evapo- 
ration. 

The oxide of manganefe are foluble in the nitric acid. It 
is obfervable that this acid is not decompofed upon them, 
becaufe it finds the metal in the ftate of oxide. Carbonic 
acid is afforded when coaly fubilances are added to affill 
the folution. When the nitrous or fuming nitric acid is* 
ufed, the folution is made without the afliliance of thefe 
coaly fubftances, becaufe the excels of nitrous gas feizes the 
oxigene of the oxide. Thefe folutions do not cryilallize. 

The muriatic acid diflblves manganefe ; but when it is 
digeftedupon the oxide it feizes the oxigene, and paffes in 
vapour through the water. This vapour is known by the 
name of Oxigenated Muriatic Acid, w hole properties we 
have already explained. 

The refidue in the retort confifis of a portion of acid 
combined with the manganefe. This by evaporation affords 
a faline mafs, which attracts the humidity of the air. 

The fluoric acid with manganefe affords a fait of fparing 
folubility, and this acid diflblves but little of it : but by 
decompofing the lulphate, the nitrate, or the muriate of 
manganefe by the fluate of ammoniac, a fiuate of manga- 
nefe is precipitated. The fame phenomenon takes place 
with the phofphoric acid. The acetous acid has but a weak 
aftion upon this fubftance. If it be digefted upon the oxide 
of manganefe, it acquires the property of diffolving copper, 
and forms the beautiful acetate of copper, or cryllals of 
Venus ; whereas the fame acid, digefted on copper, forms 
verdigris, or limply corrodes it. This circumliance proves 
that the acetous acid becomes charged with oxigenous gas, 
by the affiftance of which it diflblves the copper. 

The oxalic acid not only diflblves manganefe, but like- 
wife the black oxide of manganefe. The faturated folution 
depofits a white powder, if there be not an excefs of acid. 
This fait is blackened by the fire, but eafily refumes the 
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milky colour in the fame acid. The oxalic acid precipitates 
it in the form of fmall cryftalline grains, when poured into 
lblutions made by the fulphuric, nitric, or muriatic acids. 

The acidulous tartrite of pot-alb diflblves the black oxide, 
even in the cold. The tartrite of pot-afh added to any fo- 
lution whatever ofmanganefe, occaiionsa precipitate which 
is a true tartrite of manganefe. 

The carbonic acid attacks manganefe and the black oxide. 
The folution becomes covered in the open air with a pelli- 
cle, which confifts of manganefe that is feparated and oxkl- 
ed. It is white when it does not contain iron. 

If the muriate of ammoniac be di Hilled with this oxide of 
manganefe, an elailic fluid is di (engaged, according to the 
obfervation of Scheele, which he confiders as one of the prin- 
ciples of ammoniac, without determining its nature. Mr. 
Berthollet has proved that, when ammoniac is difengaged 
by a metallic oxide, there is a portion decompofed. The 
oxigene of the oxides unites to the hydrogenous gas of the 
alkali to form water, and the nitrogene gas efcapes. 

Eight parts of oxided manganefe take up, by a gentle heat, 
in a glafs retort, three parts of fulphur ; and produce a mafs 
of a greenifh yellow colour, which acids attack with an ef- 
fervefcence and hepatic fmell. 

Manganefe itfelf does not appear to combine with ful- 
phur. 

In order to feparate iron from manganefe, the alloy muft 
be diffolved in the nitric acid, and evaporated to drynefs. 
The refidue muft be itrongly calcined, and digefted with 
weak nitric acid, and a fmall quantity of fugar. The acicl 
takes up the manganefe, which may be precipitated by the 
carbonate of pot-am. 

The alloy may like wife be put into a folution of the ful- 
phateofiron. The acid abandons the iron to unite with 
the manganefe. 

The iron having lefs affinity with the acid than the manga- 
nefe, may likewife be precipitated by a few drops of alkali. 

The oxide of manganefe is chiefly ufed in glafs-boufes, to 
deprive glafs of its green or yellow colour, which foda and 
fand, when fufed together, ufually aflume. It has on this ac- 
count been called the Soap of the Glafs-makers. It is alfo 
ufed to colour glafs and porcelain of a violet colour, 
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The confumption of this mineral is become more confide - 
rable fince the difcovery of the oxigenated muriatic acid, 
which has pointed out its ufes in bleaching of linen, cot- 
ton, &c. 



CHAPTER VIII. 
Concerning Lead. 
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(EADis the fofteft, the lead tenacious, the leaft 
fonorous, the leaft elaftic, and one of the moll ponderous 
of metals. A cubic foot of lead weighs feven hundred and 
ninety-four pounds, ten ounces, four gros, forty-four grains. 
Itsfpecific gravity is to that of water as 115523 to 10000, 
according to Briffon. Its fracture is of a blueifh white 
colour, darker than that of tin, and tarniihing in the air. It 
poflefTes a peculiar fmell, which is rendered perceptible by 
friction. 

A gentle heat is fufficient to fufe lead ; and the abbe 
Mongez obtained it in cryftals of the form of quadrangular 
pyramids, recumbent on one fide. Some authors affirm that 
lead is occafionally met with in the native ftate. Wallerius 
mentions three pieces of this kind. The German mineral- 
ogies likewife affirm that it has been found native in Vil- 
lach in Carinthia. Mr. Genffane found in Vivarais, in four 
places, at Serremejanes, at Fayet near Argentiere, at St. 
Etienne de Boulogne, and near Villeneuve de Berg, " grains 
" of native lead, from the fize of a chefnut to an almoft im- 
" perceptible degree of fmallnefs; they are all included in 
" a very ponderous metallic earth, which is precifely of the 
" colour of the allies of beech, or of litharge reduced to an 
" impalpable powder. This earth may be cut with a knife, 
" but requires the hammer to break it." He found pieces 
xvhich contained a fubftance fimilar to litharge in their in- 
ternal part. 

Linnaeus fpeaks likewife of a native lead in cryftals. — 
Moft naturalifts agree to confider native lead as of a very 
problematical exiftence. The Various famples found in cabi- 
nets are probably owing to ancient mine works. Time has 
changed their appearance, and incrufted them with various 
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matters, which feem to prove that they do not owe their 
formation to the action of fire ; and this is the circumftance 
which may have impofed on certain naturalifls. 

1. Lead is ufually mineralized by fulphur ; and this ore 
is known by the name of Galena. 

It ufually cryftallizes in cubes, and in all the varieties of 
that figure. 

Galena is diftinguiihed into feveral fpecies. 1. Large 
diced galena. 2. Small diced galena. 3. Scaly or plated 
galena. 4. Compact galena, in frnall brilliant grains 
refembling fteel. It does not appear to be lamellated. 

Thefe diflinctions are more efpecially necefiary to be 
attended to, becaufe the fpecies are very different in rich- 
nefs, and the rlloy of filver, which is infeparable from 
galena. In general, the large diced galena is poor in filver, 
and is ufed to give a glaze to pottery, by the name of 
Alquifoux, or potters lead ore. That which is in frnall 
grains is richer, and is wrought as a lead ore containing 
filver. 

Galena is the only fpecies of lead ore which is worked ; 
and vvefhall relate all we have to fay concerning the working 
and afTay of lead ores after having fpoken of the other ores. 

2. Lead has been found mineralized by the fulphuric 
acid. Mr. Monnet has called this ore the pyritous lead 
ore. It is friable, dull, black, and almoft always cryftal- 
lized in very long needles, or in flalactites. It efflorefces 
in the air, and affords a true fulphate of lead. This ap- 
pears to be of the nature of galena : for as the fulphate is 
not developed but by the afflorefcence of the ore, it may 
be concluded that the fulphuric acid does not exift in the 
virgin ore itfelf. 

Lead mixed with iron is fometimes combined with the 
fulphuric acid. A large quantity is found in the ifland of 
Anglefea. It cannot be reduced upon charcoal with the 
blow-pipe, but it fufes into a black glafs. — Dr. Withering 
has indicated this ore. 

3. The carbonic acid very often mineralizes lead, and 
exhibits fome varieties which we fhall proceed to defcribe. 

A. The white lead ore. — This is almoft always found in 
the cavities of decompofed galena, or in the veins of pow- 
dery ftone containing galena. It is heavy, and frequently 
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of a greafy colour ; decrepitates in the fire ; and is eafily 
reduced by diftillation, affording only water and the carbo- 
nic acid. Its form is almoft always cryilallinc, but varies 
prodigioully. The primitive form appears to be a dodeca- 
hedron, with ifofceles triangular planes. 

I have feen cryftals accurately of the form of an hexa- 
hedral prifm fometimes terminated by a fix-fided pyramid. 
The ores of St. Sauveur in the Cevennes have afforded us 
this variety; Mr. Sage poffeffes white lead ore of Gerold- 
feck cryftallized in cubes. 

White lead as tranfparent as flint glafs has been found 
in England and in Siberia. 

The analyfis of the white lead of Siberia afforded Mr. 
Macquart, per quintal, fixty-feven parts lead, twenty-four 
carbonic acid, fix oxigene, and three water. 

B. Green lead ore. — This differs from the foregoing 
only in the modifications produced by the colouring princi- 
ple, which is copper, according to Spielman ; and iron, 
according to the greater!, number of chemifts. Its form is 
ufually that of a truncated hexahedron ; and this ore is 
not fo eafily reduced as the white ore. 

C. The black ore of lead. — Lead may return to the 
flate of galena by refuming the fulphur it had loft •, and this 
regeneration is not rare. It is enough that any hepatic 
vapour mould ftrike the ore to effe<5t this converfion. The 
ores of Tfchopau in Saxony, and thofe of Huelgoet in Lower 
Britanny, exhibit fine inliances of this phenomenon. 

The gradations or intermediate fpecimens of thefe differ- 
ent ores, eftablim an infinite number of fpecies, which the 
naturalift can never admit but as varieties. The tranfition 
of the white lead ore, to the black ore exhibits gradations of 
colour which it would be very fuperfluous to defcribe. 

In the year 1766, Mr. Lehmann defcribed a new fpecies 
of lead ore, called Red Lead. It was found in Siberia, 
in the environs of Catherineburg. Its cryftals are grouped, 
and adherent to quartz, to copper ores, or iron ; and 
fometimes to galena, with cryftals of white and green lead. 
It is frequently cryftallized in rhomboidal tetrahedral prifms, 
ihort, and truncated obliquely. 

Mr. Sage has confidered this lead ore as a variety of 
the preceding fpecies, coloured by iron, of which Mr. 
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Lehmann has proved the exiftence. The abbe Mongez 
thinks it is mineralized by the arfenical acid. 

Mr. Macquart has given us the mofl valuable information 
refpecting the red lead ore ; and has proved by an accurate 
analyfis that it contains, in the quintal, lead thirty-fix, oxi- 
gene thirty-feven, iron twenty-five, and alumine two. 

4. The phofphoric acid has likewife been found naturally 
combined with lead. This ore, difcovered by Gahn, owes 
its green colour to iron. It does not effervefce with acids. 
In order to allay it, it mull be diffolved in the nitric acid 
by the affiilance of heat, and the lead may then be precipi- 
tated by the fulphuric acid. The fupernatant liquor being 
decanted off, and evaporated to drynefs, affords the phof- 
phoric acid. 

This ore melts by the blow-pipe, and affords an opake 
globular mafs without reduction. Its habitudes with fluxes, 
refemble thofe of lead and its oxides. 

Mr. De la Metherie has informed us that Mr.***, an 
Englifh gentleman, by treating lead ores with the blow-pipe, 
had obferved that there was one whofe globule cryftallized 
by cooling, after having been in perfect fufion ; and that 
thefe ores were not reducible by the blow-pipe. He fuf- 
pected they -were mineralized by the phofphoric acid. Mr. 
De la Metherie and this gentleman took feven ounces of the 
green lead ore of Hoffsgruard, near Fribourg in Brifgaw ; 
which, when treated by the foregoing procefs, afforded them 
phofphoric acid. The phofphoric acid combined with mi- 
nium afforded them a green compound. 

The decompofition of the ores which we have defcribed 
frequently affords the oxides of lead, or calciform ores. 

Thefe oxides at firft afford a powder which, being carried 
along by waters, often mixes with argillaceous, calcareous, 
or quartzofe earths. 

Thefe oxides vary more particularly in their colour, 
which affimilates them more or lefs perfectly to cerufe, maf- 
licot, or minium. 

In order to make the affay of a galdna, it muff be pulver- 
ized and torrefied. The torrefied mineral, mixed with 
three parts of black flux, affords by fufion a metallic button, 
which indicates the proportions of the lead in the quintal 0! 
the ore. 
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Bergmann propofes to make the affay of fulphurco 
lead ores by the nitric acid, which dillolves the lend and 
not the fulphur. The folution is then to be precipitated 
bv the carbonate of foda ; and one hundred and thirty-two 
grains of the precipitate are equivalent to one hundred of 
the metal. If the ore contains filver, ammoniac is to be 
digefted on the precipitate, from which it diflblves the oxide 
of filver. 

The various operations to which lead ore is fubje&ed to 
obtain the lead, are — i. It is foiled, to feparate the rich or 
pure ore from the pulverized matter, and the gangue which 
contains no metal. 2. The ore is pulverized, and its gan- 
gue feparated by wafhing. 3. The ore is roafted in a re- 
verbatory furnace, with occafional agitation, that it may 
prefent all its furfaces to the air ; and when the external 
part begins to affume the form of a parte, it is covered with 
charcoal, the mixture is ftirred, and the heat increafed. The 
lead then runs on all fides, and is collected at the bottom 
of the furnace, which is pierced, and permits the metal to 
flow into a receptacle properly defended by a lining of char- 
coal. 

The fcorias, which flili retain much lead are fufed by a 
blaft furnace : the lead is call into pigs for fale. 

To difengage the filver which the lead may contain, it 
is carried to the refining furnace ; where, by the united 
energy of fire, and the wind of bellows directed upon the 
melted lead, the metal is converted into a yellow fcaly ox- 
ide, called Litharge. This litharge is driven off in propor- 
tion as it forms ; and the filver remains alone in the middle 
of the cupel. The colour caufes a diftindiion of the litharge 
into litharge of gold, or litharge of filver. When the li- 
tharge is fufed in contact with charcoal, it refumes its flate 
of metal ; and the lead is fo much the better, in proportion 
as it has been deprived of the filver is contained. The fmall- 
eftjalloy of fine metal renders it brittle. 

Lead is fulible by a gentle heat. If it be kept for fome 
time in fufion, it becomes covered with a grey oxide ; 
which, when expofed to a more violent heat capable of 
keeping it ignited, afmmes a deep yellow colour, in which 
ftate it is called MaMicot. Maflicot may be converted into 
the red oxide, or minium, by the following procefs. 
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When the lead is converted into mafficot, it is thrown out 
and cooled by pouring water upon it ; after which it is car- 
ried to the mill, and ground into very fine powder, which 
is wafhed in water. The particles of lead which could not 
be pulverized in the mill, remain in the veffel where the 
warning is performed. 

This oxide of lead is fpread out upon the hearth of the 
furnace in which it is calcined. Lines are drawn on its fur- 
face ; and it is flirred from time to time, that it may not 
clot together ; and the fire is kept up for forty-eight hours. 
When the minium is taken out of the furnace, it is put into 
large fievesof wood, and paffed through very line net work, 
or cloth of iron wire, placed over the calks which receive 
the minium. We are indebted to Meffrs. Jars for this in- 
formation, who have given very curious details reflecting 
the manufactories of minium in the county of Derby. 

Mr. Geoffroy was of opinion, that, in order to form mi- 
nium, no greater heat was required than one hundred and 
twenty degrees of Reaumur's thermometer, but this heat 
is not adapted to works on a large fcale ; for in thefe the 
roof of the furnace is kept at a red heat. The lead increafes 
in weight ten per cent, by the calcination. 

All thefe oxides, urged by a ilronger heat, are converted 
into a yellow glafs, fo very fufible, that it penetrates and 
deflroys the bell crucibles. It is ufed in glafs-houfes, on 
account of its fufibility, not only to aflifl the fufion, but like- 
wife to render the glafs fofter, more ponderous, of a more 
unctuous feel, and more fufceptible of being cut and polifli- 
ed. Thefe are the reafons for which it is made a part of the 
compofition of flint glafs, and cryllal glafs. 

The oxides of lead, diflilled without addition, afford 
oxigenous gas by a violent heat. — Prieflley obtained it from 
minium, part of which was converted into globules of metal. 

When thefe oxides are fufed with coaly matter, the metal 
becomes revived. 

The fulphuric acid boiled upon lead affords much ful- 
phureous acid ; and an oxide is formed, which arifes from 
a combination of the oxigene of the acid with the lead. A 
portion of the lead is neverthelefs diflblved ; for if a fuffi- 

1 C 
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cient quantity of water be poured on the refidue, a very 
cauftic fait is obtained by evaporation, in tetrahfidral prifms, 
foluble in eighteen times dieir weight of water. This ful- 
phate is decompofed by fire, lime, the alkalis, he. 

Very hot fulphureous acid, poured into a leaden vcfi'el, 
corrodes and dellroys it inllantly. 

The concentrated nitric acid is readily decompofed upon 
lead, and converts it into a white oxide ; but when the acid 
is weak it diffolves the metal, and forms cryllals of an opake 
white, in the form of ferments of a three- fided prifm. I 
have fpecimens of the nitrate of lead in my laboratory, 
which poffefs the form of truncated hexahedral prifms ; three 
of the fides being broader than the others, and exactly fimilar 
tothofe which Mr. De Foureroy obtained by infenfible eva- 
poration. 

This fait decrepitates in the lire, and is fufed with a yel- 
lowifh flame upon ignited coals. The oxide of lead becomes 
yellow, and is reduced into globules or metal. Sulphuric 
acid takes lead from the nitric acid. 

The muriatic acid, affiled by heat, oxides lead, and dif- 
folves a portion. This fait cryflallizes in flriated hexahedral 
prifms. 

This muriate is flightly deliquefcent. Lime and alkalis 
decompofe it. 

The fame acid poured on litharge decompofes it inftantly. 
Fifty or fixty degrees of heat are produced. The folution 
affords fine octahedral cryllals, of an opake white colour, a 
ftyptic tafte, and of very confiderable weight. 

This fait decrepitates on the coals ; and when the fire is 
increafed, its water of cryfiallization efcapes, and it becomes 
converted into a mafs of a beautiful yellow colour. 

Three parts of water, at fifteen degrees of temperature, 
dhTolve one part; and boiling water more than its weight. 

The pure alkalis precipitate it in the form of a magma, 
which occafions a kind of miraculus mundi. 

The affinity of the muriatic acid with the oxide of lead 
is (o ftrong, that it is capable of decompofing all its com- 
binations. Minium or litharge decompofes the muriate of 
ammoniac. The fame oxides, triturated with marine fait, 
feparate the foda ; and it is upon thefe fads that Mr. Turner 
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and others have eftablifned manufactories for procuring fo- 
da by the decompofkion of marine fait.* 

The muriates of lead, calcined or fufed, afford a pigment 
of a beautiful yellow colour. The manufactories of foda 
have afforded a very confiderable quantity, which is fubftitu- 
ted inftead of the fine Naples yellow. 

4. The acetous acid corrodes lead ; and affords a white 
oxide known by the name of white lead. 

To prepare this colour, the led is melted, and call into 
plates about half a line in thicknefs, four or five inches wide, 
and two feet long. Thefe are rolled up in a fpiral form, in 
fuch a manner that the revolutions remain at the diftance of 
half an inch from each other. They are then placed in pots, 
upon three points, which project from the infide at about one 
third of the height. Malt vinegar is poured into thefe pots 
to the height of the bottom of the lead, and they are buried in 
dung beneath fheds. A great number of thefe are difpofed 
befide each other, and feveral ftrata are formed. Care is 
taken to cover each pot with a plate of lead and boards. At 
the expiration of a month or fix weeks they are taken out, 
and the white lead is feparated. This white calx is then 
ground in mills, and afterwards put into a vat, from which 
it is taken out to dry. The drying is performed in the 
ihade, becaufe the fun impairs the colour. For this purpoie 
it is put into fmall conical earthen pots ; and when fuffici- 
ently dry it is wrapped in paper, and diitributed for fale. 

Cerufe does not differ from white lead, excepting that a 
more or lefs confiderable quantity of chalk is mixed with it. 

All the oxides of lead are foluble in vinegar. The folu- 
tion of the acetate of lead, duly concentrated, cryftallizes in 
efflorefcent tetrahedral prifms ; and forms the fait of faturn, 
or fugar of lead. 

Cauftic alkalis diffolve the oxides of lead, and the metal 
may be precipitated by the addition of acids. When the 

* I do not hear that foda has been feparated from common fait by a 
method fufficiently cheap for the purpofes of commerce. It is univer- 
fally underltood that Mr. Turner's profits arife from the fale of the com- 
bination of muriatic acid with the lead, which forms the yellow pigment 
known in London by the name of Patent Yellow. It may be produced 
fimply by the fufion of litharge and common fait ; the alkali being vo- 
latilized, and driven off, if the fire be fufficiently intenfe. T. 
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alkaline folution is concentrated, the lead re-appears neai 

in the metallic form, and the alkali is found to have acquired 
a faint and very peculiar tafte. 

The ufes of lead in the arts are multifarious. It is ufed 
to make water pipes, boilers, coverings for the roofs of 
building?, tea-cheits, and other articles of package. It is 
rendered proper for thefe ufes, either by laminating it, or by 
czfflfing it to flow out upon a bed of fand well rammed and 
levelled, or upon the cloth called ticking. 

It is likewife ufed to make bullets and fmall mot. The 
bullets are caffc in moulds ; but the fmall mot is made in the 
following manner : — Lead is fufed with a fmall quantity of 
arfenic, to render it more brittle ; and when its tempera- 
ture is fuch as to admit of a card being plunged in it with- 
out burning, it is poured into a kind of cullender, pierced at 
the bottom with many holes, and containing lighted char- 
coal ; this cullender is held over water ; and the lead af- 
fumes a round form as it enters this liquid. 

Lead is ufed in the tinning of copper veifels. This is a 
pernicious fraud fupported by cuftom, and tolerated by the 
want of vigilance in the police. It is the more dangerous 
from the circumftance that fats, oils, and vinegar corrode 
or diiTolve lead, which by that means becomes mixed with 
the aliments. 

Lead ore is likewife ufed to glaze pottery. For this 
purpofe galena is pulverifed, and mixed with water. The 
veflel intended to be glazed is dipped into this fluid, after 
having been expofed to a nrft baking. It accordingly be- 
comes covered with the galena; which, when expofed to a 
violent heat, panes to the ftate of glafs, and forms a covering 
of the glafs of lead over the whole furface. This procefs is 
attended with the inconvenience of introducing a dangerous 
poifon into our culinary veifels whofe effects on the health 
of individuals cannot but be fenfibly felt. 

Oxided lead enters into the compofition of glafies, cryf- 
tals, and enamels. It pofleffes the advantage of facilitating 
the fufion, and giving the glafs an un&ous feel, and a degree 
of fofmefs, which renders it capable of being cut and po- 
liihed. 

White lead and cerufe are ufed by painters. Thefe 
oxides poffeis the lingular advantage of not being percep 
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libly altered by their mixture with oil ; and form, by their 
whitenefs and body, a bafis or receiver which is very 
fuitable for a variety of colours. The workmen who grind 
thefe colours are affected by them ; and fooner or later 
become fubject to the painters colic, colica pictorum. 

Litharge is at prefent ufed to decompofe fea fait ; and 
the muriate of lead by fufion forms a fuperb yellow, very 
much employed in varnilh colours. 

8. Cerufe is likewife much ufed for drying up habitual 
moifture of the Ikin, and for flight burns. It is applied to 
the fkin in the form of powder, and there is no remedy 
more fpeedy. 

The fait of faturn, or fugar of lead, is almoft entirely 
ufed by the callico printers. 

The vinegar of faturn, or the vegeto-mineral water of 
Mr. Goulard, is a very proper aftringent in the confequences 
or remains of venereal diforders : it is likewife ufed to wafh 
burns and ulcers, and to facilitate their cure. 

This extract is likewife ufed to clarify liquors, and to 
deprive brandies of their colour ; an evil practice which has 
been common for fome years at Sette, though prohibited 
under heavy penalties. — The wine merchants avail them- 
felves of this compofition but too often, or of litharge, to 
render their four wines fweet. This fraud was prodigi- 
ously common at Paris in the year 1750 ; and it was proved 
that, in the interval of three years, thirty thoufand muids 
of vinegar had been thus fweetened ; and fold for wine. 

The oxides of lead are likewife ufed to harden oils, or to 
render them more drying. In this operation the oxigine 
of the oxide combines with the oil, and caufes it to approach 
nearer to the nature of refins. There is likewife a folution 
of lead in oils, which ferves as the bafis of plafters. 



OMBMi^ 



CHAPTER IX. 
Concerning Tin. 

I N is a metal of a white colour, intermediate 
between that of lead and filver. It is very flexible, and pro- 
duces a crackling noife when bended. No other metal 
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poffefles this property except zinc, in which it is infinitely 
lefs marked, 

This metal is very foft, and the lighted of any of the 
entire metals. The fpecific gravity of fufed tin is 7,2914, 
according to Briffon. 

A cubic foot ot this metal weighs about five hundred 
and ten pounds. It is very ductile under the hammer ; and 
its tenacity is fuch, that a wire one tenth of an inch in 
diameter is capable of fupporting forty .nine pounds eight 
ounces without breaking. Mr. De la Chenaye has cryftal- 
lized tin after feveral repeated fufions ; he obtained by this 
means an aflemblage of prifms united together fide ways. 

Tin has been found in the metallic ft ate in the bowels 
of the earth. Mr. Sage poffefles a fpecimen from the 
mines in Cornwall, and Mr. De Lille likewife has one in 
his collection. This tin fo far from exhibiting any trace 
of fufion, has the external appearance of molybdena : it is 
cafily broken ; but the detached pieces may be flattened 
by the hammer. 

Tin ore is either white or coloured. 

1. The white tin ore, which has been often confounded 
with tungften, cryftallizes in octahedrons. Its texture is 
lamellated, and it frequently includes portions of reddifh 
tin ore. That of Cornwall afforded Mr. Sage fixty-four 
pounds of tin in the quintal. 

2. The coloured tin ore, does not differ from the preced- 
ing, excepting that it contains iron, and fometimes cobalt. 
This ore ufuallyhas the form of irregular polyhedrons. 

Thefe ores afford carbonic acid by diflillation when 
expofed to fire in a crucible. They decrepitate, lofe 
fomewhat of their colour, and become one-tenth lefs heavy, 

Bergmann found fulphureous tin among the minerals he 
received from Siberia. He affirms that this was of a golden 
colour externally, refembling aurum mufivum ; and inter- 
nally it prefented a mafs of radiated white, brilliant, brit- 
tle cryftals, which affumed changeable colours on expofure 
to the air. 

To affay a tin ore, nothing more is neceffary than to 
fufe it in the midft of the coals. Calcination in the open 
lire diflipates much of the metal, according to the obfer- 
vation of Cramer. 
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In the working of tin ores, the mineral mult be forted 
Very exactly ; after which it is to be pulverized, and warned 
upon tables covered with cloth. By agitation with a wifp 
or broom, the gangue is fufpended or carried away by the 
water, and the tin ore remains alone. 

The furnace made ufe of in Saxony for the fufion of tin 
ore, is a variety of the blaft furnace, on the hearth of which 
is a groove to receive the melted metal, and convey it into 
a bafon ; whence it is taken to be call in moulds of copper 
or of iron. 

The tin ores of Cornwall are frequently mixed with cop- 
per, and arfenical pyrites. The quartz, which is its gangue 
is very hard ; and on this account the operation is begun 
by torrefaftion of the ore before it is pulverized. After the 
ore is waftied, a feparation of the magnetical iron is effected 
by means of loadftones. The ore is ufually fufed in the 
reverberatory furnace. 

In Saxony, and in England, the fcorise are three times 
fufed to feparate the tin, after which they are pounded to 
feparate the laft portions of metal. As the vein of tin in 
the mines of Cornwall is always mixed or accompanied with 
a vein of copper, the tin mull contain this latter metal, 
however great the precautions which may be attended to in 
the working. 

We are acquainted with three kinds of tin in commerce. 

1. Pure tin, fuch as that of Milacca, ofBanca, and the 
foft tin of England. The tin of Malacca is caft into moulds 
which give it the form of a quadrangular truncated pyramid, 
vvith a fmall rim at its bafe. It is called, in France, Etain 
en Chapeau, or en Ecritoire. Each ingot weighs one pound. 
The tin of Banca is in the form of oblong ingots, weighing 
from forty to forty-five pounds each. 

2. The Englifh tin, in large pigs, is call into flicks of 
ten or twelve lines in diameter, and a foot and a hall long. 

3. The tin of the pewterers is alloyed with various me- 
tals. The law in France permits them to add copper and 
bifmuth ; and they of their own authority add zinc, lead, 
and antimony. 

Every kind of tin enters into fufion with confiderable 
facility, for it is the mod fufible of the metals. If it be 
kept in fufion for a fhort time, expofed to the action of the 
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air, the fiirface becomes wrinkled, and covered with a 
pellicle. If this firft covering be taken off, the tin appears 
with all its brilliancy ; but foon becomes dull, and is oxi- 
ded again. Tin gains one-tenth of its weight by this calci- 
nation. When the oxide is white, it is then called Putty. 
It is this oxide of tin which the makers of pewter fpaons, 
who ufually travel over the country, call the Drofs of Tin. 
They are very careful to fcum the metal as often as poflible, 
to clear it of the drofs ; and by this means they avoid giving 
the peafant any more of his old pewter than that which they 
cannot contrive to take away from him. They are very 
well acquainted with the art of fufing this pretended droft 
into good tin, by heating it in contact with charcoal. 

The putty of tin is ufed to poliili hard bodies : and to 
render glafs opake, which converts it into enamel. Tin 
takes fire by a violent heat, according to Geoflroy ; and a 
white oxide fublimes, while part of the tin is converted into 
a glafs of an hyacinthine colour. 

If tin be kept in fufion in a lined crucible, and the furfacc 
be covered with a quantity of charcoal to prevent its calci- 
nation, the metal becomes whiter, more fonorous, and hard- 
er, provided the fire be kept up for eight or ten hours. 

Tin, and feveral other metals, may acquire a brilliancy 
they do not ufually polfefs, by pouring them out at the mo- 
ment before they would congeal in the crucible. This treat- 
ment fecures them from the oxidation they fuffer in cooling, 
when they are poured out too hot ; and by this method, 
which is very fimple, I have procured to tin and lead a de- 
gree of brilliancy which they would hardly bethought capa- 
ble of exhibiting. 

Tin, diftilled in clofe veffels, affords a white fublimate 
in the neck of the retort, which Margraff took for arfenic ; 
but Meffrs. Bayen and Charlard have proved that it was 
not that fubliance. 

The aclion of acids upon tin varies according to the de- 
gree of purity of the metal. 

The fulphuric acid of commerce diflblves tin* by the 
affiflanceofheat; but part of the acid is decompofed, and 
Hies off in the form of very penetrating fulphureous acid. 
Water alone precipitates this oxided metal. Mr. Monnel 
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has obtained cryftals by calcination, which refemble fine 
needles, interlaced among each other. The fulphuric acid 
diflblves the oxide of tin much better. 

The nitric acid devours tin. The decompofition of 
this folvent is fo fpeedy, that the metal is feen to be preci- 
pitated, almoft initantly, in a white oxide. If this acid be 
loaded with all the tin it is capable of calcining, and the 
oxide be warned with a confiderable quantity of diftilled 
water, a fait may be obtained by evaporation, which deto- 
nates alone in a crucible well heated, and which burns with 
a white and thick flame, like that of a phofphorus. The 
nitrate of tin, diftilled in a retort, fwells up, boils, and fills 
the receiver with a white and thick vapour, which has the 
fmell of nitric acid. 

Mr. Baume even pretends that the nitric acid does not 
diffolve tin ; but Kunckel, and the famous Rouelle, have 
maintained the contrary. Meffrs. Bayen and Charlard 
diffolved five grains in two gros of pure nitric acid, diluted 
with four gros of diftilled water. 

The muriatic acid diflblves tin, whether cold or heated. 
During the efFervefcence, a very fetid gas is difengaged. 

The folution is yellowifh, aud affords needle-form cryftals 
by evaporation, which attracts the humidity of the air. 
Mr. Baume prepared this fait in a large way for the cal- 
lico printers. Out of twelve pounds of tin, diffolved in 
forty-eight pounds of acid, he had a refidue of two ounces 
fix gros of a grey and foluble powder, which MargrafF had 
taken for arfenic. Mr. Baume has obferved that the cryf- 
tals of the muriate of tin differ according to the ftate of the 
acid. He obtained cryftals, fimilar to thofe of the ful- 
phate of foda, in needles, or in fcales like thofe of the acid 
of borax. Mr. Monnet afferts that he obtained, by the 
diftiliation of a muriate of tin, a fat matter, a true butter 
of tin, and a liquor refembling that of Libavius. 

The oxigenated muriatic acid diflblves tin fpeedily ; and 
the fait which it produces, poffeffes all the characters of 
the ordinary muriate, according to Mr. De Fourcroy. 

That which is known by the name of the Fuming 
Liquor of Libavius, appears to me to be a muriate of tin, 
in which the acid is in the ftate of the oxigenated muriatic 
acid. To make this preparation, tin is amalgamated with 
one-fifth of mercury ; and this amalgam in powder is mixed 

1 D 
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with an equal weight of corrofive fublimate. The whole 
is then introduced into a retort, a receiver adapted, and 
diftillation proceeded upon by a gentle heat. An infipid 
liquor paffes over firil, which is followed by a fudden erup- 
tion of white vapours, which condenfe into a tranfparent 
liquor, that emits a confiderable quantity of vapours by 
mere expofure to the air. The refidue in the retort, for 
an analyhs of which we are indebted to Mr. llouclle the 
younger, confifis of a flight lining in the neck of the retort, 
which contains a fmall quantity of the fuming liquor, fome 
muriate of tin, muriate of mercury, and running mercury. 
The bottom of the veflel contains an amalgam of tin and 
mercury ; above which lies a muriate of tin of a grey white, 
iblid and compact, and which may be volatilized by a 
ilrong heat. 

The nitro-muriatic acid diffolves tin with vehemence : a 
violent heat is excited ; and it frequently happens that a 
magma is obtained refembling pitch, which becomes harder 
in procefs of time. This happens when the very concen- 
trated acid has diffolved too much of the metal ; and thefe 
inconveniences may be obviated by adding water in pro- 
portion as the folution proceeds. 

The folution of tin which conftitutes the compofition for 
fcarlet, is made with the common aqua-fortis, prepared 
with faltpetre of the firft boiling. This is a kind of nitro- 
muriatic acid, which unfortunately varies in its properties, 
according to the two variable proportions of muriate of foda 
and nitrate of pot-afh. For this reafon, the dyers are 
continually making complaints, either that the aqua-fortis 
precipitates, which happens when it contains too fmall a 
quantity of muriatic acid ; or that it affords an obfeure 
colour, which depends on an excefs of the fame acid. 
The firft inconvenience is remedied by dhTolving fea fait, 
or fal ammoniac, in the aqua-fortis ; and the fecond by 
adding faltpetre. 

The moll accurate proportions to make a good folvent for 
tin, are, two parts of nitric acid, and one of muriatic acid. 

Tin is likewife foluble in the vegetable acids. Mr. 
Schultz, in his diflertation Be Morte in Olla, has demon- 
ftrated the folubility of this metal in acids. Vinegar cor- 
rodes it by a gentle heat, according to the experiments ol 
Mararaff. 
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Moll of the tin in commerce is alloyed with various 
metals. That of England contains copper and arfenic ar- 
tificially, according to Geoffroy ; and naturally, according 
to the Baron Dietrich, Sage, &c. The tin of the plumbers 
or pewterers, called Pewter, contains feveral metals. The 
ordonnance in France permits them to add a fmall quantity 
of copper and bifmuth. The ftrft metal renders it hard ; 
and the latter reflores the brightnefs which would elfe have 
been impaired by the copper, and renders it more fonorous. 
The pewterers take upon themfelves to add antimony, zinc, 
and lead; the antimony hardens it, the zinc renders it 
whiter, and the lead diminifhes its value. It is a deiirable 
circumftance to poffefs the means of afcertaining the na- 
ture and proportions of thefe alloys. We are indebted for 
the following proceifes to Meffrs. Bayen and Charlard. 

A. When tin contains arfenic, the folution in the muri- 
atic acid exhibits a black powder, which confifts of arfenic 
feparated from the tin. This method is capable of render- 
ing the two thoufand and forty-fecond part of alloy percepr 
tible. 

B. If the tin contains copper, the muriatic acid, which 
attacks tin with facility, precipitates the copper in the form 
of a grey powder, provided there be no accefs of acid, and 
the folution be made without heat. The copper is likewife 
precipitated by a plate of tin imraerfed in the folution. 

C. Bifmuth is fhewn by the fame procefs as the copper. 

D. To afcertain the mixture of lead, the nitric acid muff 
be ufed, which corrodes the tin, and diffolves the lead. 

The pewterers have two methods of aflaying this metal. 

i. The affay of the ftone, which confifts in pouring it in- 
to a hemifpherical cavity made in a calcareous ftone, and 
terminating in a channel or groove. The workman atten- 
tively obferves the phenomena of its cooling ; and from 
thefe cireumftances, as well as from the crackling or noife 
which the tail of the affay affords when bended, he judges 
of the purity of the metal. 

2. The affay by the ball confifts merely in a comparifon 
of the weight of pure tin with that of adulterated or alloyed 
tin, poured into the fame mould. 

It cannot but be immediately perceived that thefe methods 
are very imperfect. 
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The various metals which are prejudicial to health, are 
not added to the tin in a fufficiently great proportion to pro- 
duce any dangerous effects. It feems that Margraff was 
deceived by fome foreign circumftance, when he affirmed 
that the tin of Morlaix contains thirty-fix grains of arienic in 
the half ounce ; for this quantity is more than fufficient to 
render the metal as brittle as zinc. Meflrs. Bayen and Char- 
lard found no arfenic in the tin of Banca and of Malacca. 
The tin of England never contains more than three-fourths 
of a grain of arfenic in the ounce of metal ; and fuppofing 
this to be the maximum, the daily ufe of tin cannot be dan- 
gerous; fince a plate in which arfenic exifted in this pro- 
portion, loll no more than three grains per month by con- 
ilant ufe, which amounts to the five thoufand feven hundred 
and fixtieth part of a grain of arfenic loll daily. The ex- 
periments which thefe two fkilful chemifts have made upon 
animals, by mixing arfenic in larger proportions with tin, 
are fufficient to remove every apprehenfion concerning the 
ufe of this metaj. 

The lead alone may be productive of dangerous confe- 
quences, becaufe the pewterers add it in a very confiderable 
proportion. 

The combination of tin with fulphur forms aurum mufi- 
vum, or mofaic gold. The procefs for making it which 
has belt fucceeded in my hands, is that defcribed by the 
Marquis de Bullion. It confifts in forming an amaJgum 
of eight ounces of tin and eight ounces of mercury. For 
this purpofe, a copper mortar is heated, and mercury 
poured into it : and when it has acquired a certain degree 
of heat, the melted tin is poured in, and the mixture agi- 
tated and triturated till cold. Six ounces of fulphur, and 
four ounces of fal ammoniac, are then mixed ; and the 
whole put into a mattrafs, which is to be placed on a fand 
bath, and heated to fuch a degree as to caufe a faint ignition 
in the bottom of the mattrafs. The fire mutt be kept up 
for three hours. The aurum mufivum thus obtained is 
ulually beautiful : but if, in (lead of placing the mattrafs 
on the fand, it be immediately expofed upon the coals, and 
flrongly and fuddenly heated, the mixture will take fire, 
and a fublimate will be formed in the neck of the veffel, 
which confifts of the molt beautiful aurum mufivum. I 
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have obtained it by this procefs of a dazzling colour in large 
hexagonal fcales. 

The mercury and the fal ammoniac are not in flrictnefs 
neceffary to the production of aurum mufivum. Eight 
ounces of tin diflblved in the muriatic acid, precipitated by 
the carbonate of foda, and mixed with four ounces of ful- 
phur, produced the Marquis of Bullion a fine aurum mu- 
fivum : but this is not capable of increafing the effects of 
the electrical machine, which proves that the compofition 
owes its virtue in that refpect to the mercury it contains in 
the proportion of fix to one, when prepared in the former 
procefs. This preparation is ufedtogive a beautiful colour 
to bronze, and to increafe the effects of the electrical ma- 
chine by rubbing the cufhions. 

The Baron Kienmayer has defcribed the following amal- 
gam, compofed of two parts of mercury, one of zinc, and 
one of tin ; — The zinc and the tin are to be fufed, and mix- 
ed together with the mercury ; and the mixture agitated in 
a wooden box, internally rubbed with chalk. The mafs is 
then to be reduced to a fine powder ; and employed in that 
ffate, or mixed with greafe. The effect of this amalgam is 
furprizing ; for by this means the power of electrical ma- 
chines is inconceivably augmented. 

The amalgam of tin is capable of cryftallization. Mr. 
Sage's procefs confifts in pouring two ounces of melted tin 
into a pound of mercury. After having introduced this 
mixture into a retort, he urged it by a violent fire for five 
hours on the fand bath. No mercury was difengaged ; but 
the tin was found in a cryftallized ftate above the mercury 
which had not entered into combination. The lower part 
of this amalgam is compofed of grey brilliant cryftals in 
fquare plates, thin towards their edges, having polygonal 
cavities between each. Every ounce of tin retains in its 
cryftallization three ounces of mercury. 

The amalgam of tin is ufed to filver looking-glaffes. 
For this purpofe, a leaf of tin is fpread out upon a table 
of the fize of the glafs, mercury is poured upon it, and 
fpread about with a bruin. This being done, a larger 
quantity of mercury is poured upon the tin, fo as to form a 
covering of more than one line in thicknefs. The glafs 
is Hided upon this covering, by prefenting one of its edges ; 
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taking care at the fame time that its furface fhall be beneath 
the level of the mercury, in order that the impurities which 
might hinder a perfect contact may be driven before it. 
The plate of glafs is then loaded with weights equally dis- 
tributed over its whole furface ; by which means all the ex- 
cefs of mercury is preffed out, and flows away through chan- 
nels made in the edges of the table. The air being driven 
out from between the amalgam of tin and the glafs by this 
Strong compreflion, ferves greatly to render the amalgam 
adherent. Several days are required to elapfe before it be 
fufficiently dry to admit of removing the glafs. 

Tin alloyed with copper forms bronze, or bell-metal. 
Seven parts of bifmuth, five of lead, and three of tin, form 
an alloy which liquefies in boiling water.' 



CHAPTER X, 
Concerning Iron. 



j[RON is the mod generally diffufed metal in na- 
ture. Almoft every mineral fubftance of this globe is colour- 
ed with it ; and its various alterations produce that truly 
aftonifhing variety of colours which are comprehended be- 
tween the blue and the deepeil red. This metal likewife 
exifts in the vegetable kingdom, where it conflitutes an al- 
moft. infeparable principle. It even appears to be one of 
the products of organization, or vegetation ; for it is found 
in vegetables which are fupported merely by air or water. 
It is indeed contrary to found philofophy to fuppofe that all 
the iron with which earths are impregnated, mult arife from 
the wearing of ploughfhares : for, not to mention that the 
plough has not paffed every where, we fee iron daily formed 
in vegetables. There is no reafon to fear that the metal 
ihould on this account become too abundant ; becaufe it is 
continually deftroyed by palling to the State of oxide. 

If, on the other hand, we call: our attention towards the 
infinite number of ufes to which this metal is applied in So- 
ciety, we mall perceive that it is perhaps the molt effential to 
be known, becaufe it is the moll diffufed, the molt ufeful, 
and the mod employed. 
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This metal is of a white livid colour, inclining to grey, 
obedient to the magnet, and gives fire with quartz ; which 
lafh circumftance is attributed to the fufion and rapid corn- 
bullion of particles of the metal detached by the firoke. 
It is the lightelt of all metals except tin. One cubic foot 
of forged iron weighs five hundred and forty-five pounds. 
The fpecific gravity of fufed iron is 7,2070. — See BniTon. 

Iron is very hard, fufceptible of a fine polifh, and very 
difficult of fufion. It may be drawn into very fine wire, of 
which the firings of the harpficord are made. It becomes 
hard by hammering, without heat ; but when affifted by 
heat, it may be hammered into every imaginable form. 

Iron is univerfally difperfed ; but, by common confent, 
thofe places, or matrices, in which the iron is fufficiently 
abundant to be wrought with profit, are called Iron Mines, 
or Ores. 

Iron is found native, without mixture, in feveral places. 
We fhall not here mention thofe ridiculous affertions, which 
have no other merit than that of having been authorized by 
the fuffVages of certain celebrated men. — " Albertus 
Magnus decidifie ccelum, imbre, maffam ferri centum 
librarum. Petermannus, magna tempeftate, cum proje&u 
multorum lapidum, ccelo molem ferri decidhTe, quae in lon- 
gitudine fexdecim, in latitudine quindecim in craffitie duos, 
pedes habuerit :" that is, of the weight of forty-eight thou- 
sand pounds, and containing four hundred and eighty cubic 
feet. — Becher fupplem. in Phyf. Subter. cap. iii. p. 599. 

We are indebted to Lehman for a defcription of a piece 
of native iron pofTeffed by MargrafF, which came from 
Eibenflock in Saxony. The grain was diftinguifhable on 
both fides. 

Henckel pofTeffed a fmall piece incrufted with a yellow 
earth ; and the cabinet of the Royal School of mines pof- 
feffes one which is covered with fpathofe iron ore. Adanfon 
and Wallerius affirm that it is found in Senegal; and Rouelle 
received a piece from thence which was very malleable. 
Simon Pallas fpeaks of a mafs of native iron found near 
the great river Jenefei in Siberia. This iron is a very fpongy , 
very pure, perfectly flexible, and proper to be formed into 
inftruments by a moderate fire. It is naturally incrufted 
with a kind of varnifh which preferves it from rufr. 
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Mr. Macquart doubts the legitimacy of the native irort< 
defcribed by Pallas : he thinks that it may be confidered 
as fufed iron. Mr. De Morveau does not believe in the 
exiftence of native iron. 

Though fome doubts may be raifed concerning the legi- 
timacy of thefe pieces, and there may be reafons to confider 
fome of them as confequences of the action of fire, we can- 
not however refufe to admit of the exiftence of native iron, 
after the depofitions, facts, and attentions which prefent 
themfelves on all fides in fupport of this truth. 

Iron, flowly cooled, cryftallizes in octahedrons almofl 
always implanted one in the other. We are indebted to 
Mr. Grignon for this obfervation. I am in pofTcffion of a 
piece of iron entirely covered with fmall tetrahedral, flat, 
and truncated pyramids. Some of the pyramids have a 
bafe of one line in breadth. It comes from the frontiers 
of the Comte de Foix. This iron is very feldom found 
unaltered by foreign admixtures ; but I think we may 
confider all the iron ores which are attracted by the magnet, 
as containing the native metal, difperfed in fome gangue : 
and we fhall attend to thefe fpecies before we treat of the 
oxides and martial falts. 

ARTICLE I. 
Concerning Iron Ores which are attracted by the Magnet. 

i. The octahedral iron ore. — This ore has the form of 
octahedrons, ifokted, and difperfed in a gangue of fchiftus, 
or calcareous ftone. The cryftals are grey, very regular 
in their form and flrongly bedd d in the ftone. Their 
fize is from half a line to fix or feven in diameter. Corfica 
and Sweden afford this kind. 

Mr. Sage obferves that octahedral cryftals of iron are 
fometimes found in the fined white marble of Carara. 
The black ferruginous fand which accompanies the hya- 
cinths in the brook of Expailly, is an octahedral iron ore, 
obedient to the magnet. 

2. Iron ore in fmall plates or fcalcs. — The fmall plates 
or fcales which are attracted by the magnet, and are found 
in moil rivers which contain gold, are an iron ore, nearly 
in the metallic ftate. This fand forms the rcfidue which 
is left after the precious metal has been taken up by amal- 
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gamation. It is mixed with fragments of quartz, garnets, 
&c. I found a large quantity in the fand of the river of 
Geze : it was alfo lent me from the neighbourhood of Nantz. 
I have received fome likewife from Spain ; and this land 
has afforded me certain phenomena which appear to entitle 
it to a particular rank among the metals. Acids diifoive it 
by the affiflance of heat ; and always without eflervefcence, 
or the difengagement of gas. It communicates the fame 
colour to the nitro-muriatic acid as platina does. It is in- 
decompofable by heat, either in the open lire, or in open 
veffels. I have endeavoured to reduce it by all the known 
duxes, but in vain. It precipitates in the flux, mixes with 
it, and recovers its form and magnetic virtue by pulverizing 
the mafs. It poffefles feveral characters of the liderotete, or 
phofphate of iron. 

3. Iron difperfedin ftones renders them obedient to the 
magnet. The ophites, the ferpentines, the micas, the pot- 
ftones, and feveral marbles, are in this fituation. Iron dif- 
feminated in a gangue of quartz, or very hard jafper, forms 
emery, which on account of its hardnefs is ufed to grind and 
polifh glafs. It comes to us from jerfey and Guernfey, 
where it is plentifully found. 

The magnet itfelf is nothing elfe but the iron we fpeak of, 
modified in fuch a manner as to afford a paffage to the mag- 
netic fluid, and to exhibit the known phenomena. The 
magnet is fometimes found in a regular form. Mr. Sage 
affirms that he poffeffes a fmall piece of magnet from St. 
Domingo, on which octahedrons are diftinguifhable. We 
likewife read, in the General Hillory of Voyages, that at 
twenty leagues from Solikamfkai in Siberia magnets are 
found of a cubical form and greenifh colour, of a lively bril- 
liant appearance, which are reducible into glittering fcales 
by pulverizing. 

The magnet varies in its quantity of metal. Thofe of 
Sweden and Siberia are very rich in iron ; but the magnetic 
force is not in proportion to the iron they contain. 

There is reafon to think that the magnetic agent is a 
modification of the electric power. 1. Iron which remains 
a long time in an elevated pofition becomes magnetic. 2. 
Inftruments of iron flruck with lightning are ufually mag- 
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netized. 3. Two pieces of iron may be magnetized by 
rubbing them againft each other in the fame direction. 4. 
Black iron ores are found in Sweden which are attracted 
by the magnet, and whole metallic particles are fometimes 
fo weakly connected together that they are reducible into 
powder. We have feveral fpecies of thefe ores in Languedoc. 

This fpecies is in general very rich, and affords near 
eighty pounds of iron per quintal. 

5. Iron appears to exift in the metallic (late in fome other 
fpecies, fuch as th^Jpecular iron ore. But the metallic 
Itate is lefs evident and ehara£leriftic, the metallic qualities 
being more changed ; and thefe ores are lefs attracted by 
the magnet. 

Thefe iron ores frequently exhibit metallic plates of a 
brilliancy equal to that of fteel, and unalterable in the air. 
The ore of Mont d'Or, that of Framont in the principality 
of Salm, and thofe of the mountains of Vofges, have afford- 
ed us very curious fpecimens. Thefe plates are fometimes 
hexagonal, formed by two hexahedral pyramids truncated 
near their bafe. 

The fpecular iron ore of Framont afforded Mr. Sage fifty- 
two pounds of iron in the quintal : the iron is very duc- 
tile, and acquires much fibre. 

The celebrated iron ore of the ifland of Elbe is of this 
kind, but it has not the plated form. Its cryftals are lenti- 
cular, with brilliant facets, which are dodecahedrons with 
triangular planes. Thefe beautiful groupes of cryftals are 
fometimes fhaded with the moft lively colours. White clay, 
rock cryftal, cupreous pyrites, &c. are found among them. 

The Lucquefe work this ore in the Catalan method, by 
ilratifying charcoal and the ore, one layer over the other. 
The fire is kept up by good bellows ; and when all the coal 
is confumed, the iron is found collected together in a mafs, 
which is carried to the hammer. 

The eifenman is a fcaly fpecular ore. When it is rubbed, 
brilliant particles are detached from it ; which has caufed 
the miners of Dauphiny to give it the name of Luifard. 

The eifenram is an iron ore of a brilliant red colour, 
which contains plumbago and iron. 



Decomposition of Pyrites. 353 

ARTICLE IT. 
Concerning Sulphurious Iron Ores, or the Sulphurs of Iron. 

The union or combination of iron and fulphur forms the 
iulphureous iron ore, martial pyrites, i'ulphure of iron, &c. 
Thefe fulphures are very abundant, and are evidently iorm- 
ed by the decompofition of vegetables. 1 have feveral times 
found pieces of wood buried in the earth perfectly incrufted 
with pyrites. The effect of fubterraneous fires is owing 
only to the mixture of thefe fulphures with the remains of 
vegetables. Thofe fpecies of coal which efflorefce in the 
air, owe their decompofition only to the pyrites with which 
they are penetrated. It is like wife to the decompofition of 
the pyrites that we mud refer the heat of molt mineral 
waters. The fulphure of iron fometimes cryllallizes in 
cubes, and often in octahedrons. The union of a number 
of octahedral pyramids with their points towards a com- 
mon centre, forms the globular pyrites. 

When the fulphur is diffipated, it fometimes happens 
that the pyrites lofes neither its form nor its weight. It 
then becomes brown, is attra&ed by the magnet, and is 
called the Brown or Hepatic iron Ore. — See De Lille. 

But the decompofition of pyrites mod commonly pro- 
duces the fulphuric acid, which feizes the iron, diflolves it, 
and forms an efflorefcence on the furface. Advantage has 
even been taken of this property of the pyrites to eftablifh 
manufactories of fulphate of iron, or copperas. The two 
valuable eftablimments which have been made of this kind, 
in the vicinity of Alais, work certain ftrata of a hard pon- 
derous pyrites. Thefe are formed into heaps upon areas, 
where the ground is {lightly inclined. The efflorefcence is 
accelerated by watering the pyrites, grofsly broken, with 
water. This fluid diffolves all the fait which is formed, and 
carries it into refervoirs, where the folution fuffers all the 
foreign matters it may contain to fubfide. It is left at reft 
in thefe refervoirs, in which the fun produces a flight con- 
centration of the fluid ; and the concluding evaporation is 
made in leaden cauldrons, with the addition of old iron, 
to faturate the acid with as much of that metal as poffible. 
The cryilallization is performed in bafons, in which pieces 
of wood are difpofed to aflift the formation of cryflals, 
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Thefc two manufactories in Languedoc are capable, in 
their prefent ftate, of furniftring upwards of forty thoufaud 
quintals of copperas, if the demand required it. 

in order to facilitate the vitriolization, it is neceflary to 
give accefs to the air, becaufe the concurrence of this 
element is neceflary to form the fulphnric acid. 

The fulphate of iron cryftallizes in rhomboids. 

It efflorefces in the air, and gradually lofes its fine green 
colour by the diiiipation of its water of cryft allization. 

If the fulphate of iron be expofed to heat, it liquefies, 
boils, becomes thick, and is reduced into powder. This 
powder, mixed with pulverized nut galls, forms a dry ink, 
which feveral perfons fell as a fecret, and which requires 
only the addition of water to render it fit for ufe. 

The fame powder, urged, by a ftronger heat, fuffers its 
acids to efcape ; after which there remains only a martial 
earth, or metallic oxide, known by the name of Colcothar. 

I attribute the formation of all the yellow or red earths, 
commonly called ochres, to a fimilar decompofition of the 
pyrites. The heat produced by the decompofition of the 
pyrites has determined the refpecVive colours of thefe earths : 
and they may be caufed to pafs artificially through tl 
various fhades, by treating them with various degrei 
fire. I have difcovered, in the diocefe of Uzes, banks of 
oqhre of fuch uncommon finenefs, and fo very pure, that 
calcination converts it into a brown red, fuperior to every 
thing before known in trade. The manufactory which has 
i eftablifhed under my care, has acquired all the cele- . 
brity which the fuperiority of its products could not but 
neceflarily afford it. My experiments on thefe ochres, and 
the advantages which they may afford to the arts, may be 
feen in the work which I have publifhed on this fubject, 
printed for Didot the elder, at Paris. 

I likewife found at "Mas-Dieu, near Alais, a flratum of 
red ochre of fo beautiful a colour, that it could fcarcely be 
imitated. 

ARTICLE III. 

Ci ncerning the Spat ho fe Iron Ores, or Carbonates of Iron. 

The carbonic acid is fometimes combined with iron in 
; and the refemblance between this iron and fpar, has 
procured it the name of the Spathofe Iron Ore. 
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The formation of this ore appears to be owing to the 
mutual decompofition of the carbonates of lime, and the 
iulphates of iron. A folution of copperas, in which calca- 
reous fpar was fuffered to remain, produced this ore, ac- 
cording, to the experiments of Mr. Sage. , 

Bergmann obtained from the ores of this kind, which he 
analyfed, thirty-eight ounces of the oxide of iron, twenty- 
four ounces of the oxide of manganefe, and fifty ounces of 
calcareous earth. It appears therefore that this ore contains 
two metals united by a calcareous cement, which cryftallizes 
always in its own form, as v/e find in the lapis calaminaris, 
the calcareous grit, &c. 

The ipathofe iron ores are wrought at Cafcaftel, in the 
diocefe of Narbonne, at Bendorf on the banks of the 
Rhine, at Eifenartz in Styria, &c. 

ARTICLE IV. 

Concerning the Bog Ores of Iron, or Argillaceous Iron Ores. 

Thefe ores confiil merely of a martial oxide, in a flate 
of greater or lefs purity, mixed with earthy fubftances of 
the nature of clays. 

They appear to have been depofited by water ; and are 
ufually difpofed in ftrata, which are frequently marked out, 
and as it were feparated, into ftnall prifms, whofe forma- 
tion ariies fimply from the fhrinking of the clay. 

i. The eagle-itone, or aetites, ought to be ranked among 
the bog ores of iron. They are geodes of a round or oval 
form, having a hard external covering, while the cavity 
includes a detached nodule ; and the noife produced by 
fhaking one of thefe (tones, arifes from the nodule being 
at liberty to move within the ftone. 

The name of eagle-ftone has arifen from a notion, for- 
merly entertained, that eagles placed it in their nefts to 
facilitate the laving of their eggs ; and wonderful powers 
of rendering labours fafe and eafy, were attributed to it 
in the times of fuperflition. 

2 We are acquainted with an iron ore in round pieces, 
refembling bullets, of feveral lines in diameter, which 
ought to be confidered as a variety of the preceding. An 
ore of this kind was begun to be wrought at Fontanez, 
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near Sommieres ; and we find a confiderable quantity of 
thefe metallic globules among our red earths in the neigh- 
bourhood of Montpellier. 

3. The pureft oxide of iron, worn and carried along by- 
waters, and afterward, depolited, forms ftrata of various 
appearances and colours. Thefe are called haematites. 

The colours arife from the various degrees of alteration 
in the oxide. They vary from yellow to the deepelt red. 
The red haematites is ufed in the arts to burniih gold or 
filver. It is cut into long pieces, which when polifhed are 
known by the name of burnifhers. This blood-ftone is fome- 
times foft enough to be ufed inftead of a crayon for drawing. 

Its figure is likewife fubject to prodigious variation. It 
often appears as if compofed of fmall prifms applied one 
ugainfl the other, in which cafe it is called the fibrous hae- 
matites. In other fpecimens it is tuberculated. It is very 
frequently found in compact irregular mafies, fuch as thole 
of the ores of the county of Foix. This mult naturally 
exhibit the fame variety of forms as the calcareous ftalac- 
tites, becaufe its mode of formation is nearly the fame. 

ARTICLE V. 

Concerning Native Prufiian Blue, or the PruiHate of Iron. 

Beccer fpeaks of a blue earth found at Turinge. Henc- 
kel informs us that a blue martial earth is found at Schnee- 
burg and at Eibenflock. Cronftedt has defcribed a native 
Pruffian blue ; Mr. Sage found it in the turf of Picardy. 
It is likewife found in Scotland, in Siberia, &c. and I pof- 
lefs a fulphure of iron in a ftate of decompofition, which 
exhibits a true prufliate of iron upon one of its furfaces. 

ARTICLE VI. 

Concerning Plumbago, cr the Carbure of Iron. 

The name of Plumbago is at prefent confined to that 
mining fubfrance ofablackifh blue colour, which is ufed 
to make the pencils called black-lead pencils. It has a 
greafy feel, exhibits a tuberculated fra&ure, foils the hands, 
and leaves a black trace upon paper. 

Plumbago is found in many places ; that of commerce is 

brought to us from Germany. We receive it likewife 

n Spain, from America, and from England. It is alfo 
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found in France. This mineral is almoft always difpofed 
in feparate maffes in the bowels of the earth ; and it is pro- 
bably on account of this form, that the ancients denoted it 
by the words Glebce Plumbarise. 

The plumbago of England differs from the other fpeci- 
mens in its texture, which is much finer, and of a greater 
degree of brilliancy. The Englifti do not take a larger 
quantity out of the mine than the market demands, in which 
they are careful to keep up the price. 

The moil plentiful mine is in the county of Cumberland. 
The plumbago of Spain is always accompanied with py- 
rites, which efflorefce on the furface of the pieces ; either 
infmall cryftals, fimilar to thofeof the fulphate of iron; or 
in a kind of filky vegetation, analogous to that of plume 
alum. It is dug up in the neighbourhood of the town of 
Ronda, at the diftance of four leagues from the Mediterra- 
nean fea. It is the worft kind which comes to market, and 
is ufed only to give a mining black colour to iron utenfils. 

The American plumbago, which Mr. Woulfe procured 
for Mr. Pelletier, breaks eafily, and exhibits fmall quartzofe 
grains in its internal part, as well as flight traces of a whit- 
iih clay. It is found in feparate maffes ; and its texture 
appears to confift of the union of an infinity of fmall fcaly 
parts, which at firft fight might caufe it to be taken for mo- 
lybdena. 

France likewife poffeffes plumbago, and the chevalier 
Lamanon obferved it in Upper Provence. The mine is 
fituated near Col. de Bleoux. The black lead is found be- 
tween two flrata of clay, not more than a few lines in thick- 
nefs. It forms a llratum of four inches thick ; or rather 
the llratum confifts of feparate maffes, which are fometimes 
feveral feet in length. It is accompanied by a vein of py- 
rites. The inhabitants of Bleoux fell this product at Mar- 
feilles at about fifteen livres per quintal. Mr. De la Pey- 
roufe found plumbago with tourmalines in the county of 
Foix, and Mr. Darcet brought it from the Pyrenean Moun- 
tains. 

Plumbago is indeftru&ible by heat without the prefence 
of air. Mr. Pelletier expofed it to diftillation, in the pneu- 
mato-chemical apparatus, by a violent fire during fix hours, 
without the plumbago having loll: weight, or fuffered any 
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other change. He expofed two hundred grains in a w 
clofed porcelain crucible to the fire of the manufactory at 
Seves, and it loft only ten grains. But when it h calcined 
with the concurrence of air, it then burns, and leaves but 
a fmall quantity of refidue. Meffrs. Quid, Gahn, and 
Hielm obferved that one hundred grains, treated under a 
muffle in a iliallow veflel, left only ten grains of oxide of 
iron. Mr. Fabroni diflipated the whole of a portion of 
plumbago expofed under the muffle. This calcination is a 
ilow combuilion, which is facilitated by caufing the matter 
to prefent a large furface, and agitating it from time to time. 

If one part of plumbago, and two of very cauftic dry alkali, 
be heated in a retort with the pneumato-chemical appara- 
tus, the alkali becomes effervefcent, hydrogenous gas is 
obtained, and the plumbago difap pears. This beautiful 
experiment proves that the fmall quantity of water contain- 
ed in the fait is decompofed ; and that its oxigene, by com- 
bining with the carbone of the plumbago, forms the carbo- 
nic acid. The experiment publilhed by Scheele has been 
repeated and confirmed by Mr. Pelletier. 

The fulphuric acid does not act upon plumbago, accord- 
ing to Scheele. Mr. Pelletier has obferved that one hun- 
dred grains of plumbago, and four ounces of oil of vitriol, 
being digefted in the cold for feveral months, the acid 
acquired a green colour, and the property of congealing 
by a very flight degree of cold. The fulphuric acid diftil- 
led from plumbago, paffes to the Hate of the fulphureous 
acid ; at the fame time that carbonic acid is obtained, and 
an oxide of iron is left in the retort. 

The nitric acid has no a&ion upon plumbago unlefs it be 
impure. Eight ounces of nitric acid, diftilled from half a 
gros of purified plumbago, neither altered its fhining ap- 
pearance, nor deprived it of its unctuous feel. 

The muriatic acid diffolves the iron and the clay which 
contaminate native plumbago. Meffrs. Berthollet and 
Scheele availed themi'elves of this method to purify it. 
The liquor being decanted after digeilion upon the plum- 
bago, the refidue is then wafhed, and fubmitted to diftil- 
lation to feparate the fulphur. The muriatic acid alone 
has no action upon plumbago, but the oxigenated muriatic 
acid diffolves it; the refult being a true combuilion effected 
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by-fhe oxigene of the acid, and the carbone of the plum- 
bago. 

If ten parts of the nitrate of pot-afh be fufed in a cruci- 
ble, and one part of plumbago be thrown thereon by a lit- 
tle at a time, the fait will deflagrate, and the plumbago will 
be deftroyed. The matter which remains in the crucible 
confifls of very effervefcent alkali, and a fmall portion of 
martial ochre. 

If plumbago be diftilled with muriate of ammoniac, the 
muriate fublimes, coloured by the iron. 

All thefe facts prove that plumbago is a peculiar combuf- 
tible fubftance, a true charcoal combined with a martial bafis. 
Plumbago is more common than is imagined. The brilli- 
ant charcoal of certain vegetable fubflances, more efpecially 
when formed by diftillatlon in clofe veiTels, poffeffes all the 
characters of plumbago. The charcoal of animal fubflances 
poffeffes characters ftill more peculiarly refembling it. Like 
it they are difficult to incinerate, they leave the fame im. 
preffion on the hands and upon paper ; they likewife con- 
tain iron, and become converted into carbonic acid by com- 
buflion. When animal fubflances are difUlledbya ftrong 
fire, a very fine powder fublimes, which attaches itfelf to the 
inner part of the neck of the retort. This fubftance may 
be made into excellent black-lead pencils, as I myfelf have 
proved. 

Carbone may be formed in the earth by the decompofitior* 
of wood together with pyrites ; but the origin of plumbago 
appears to me to be principally owing to the ligneous, and 
truly indecompofable, part of the wood, which refills the des- 
tructive action of water in its decompofition of vegetable 
fubilances. This ligneous fubftance difengaged from the 
other principles, mull form peculiar depofitions and ilrata; 
and Mr. Fabroni has affured me that the formation of plum- 
bago in water is a common phenomenon, of which he had 
feveral times been a witnefs. This chemift, by his letter of 
the thirtieth of January 1787, informs me that, in the domi- 
nions of the king of Naples, there are wells dug exprefsly 
for the purpofe of collecting an acidulous water, at the bot- 
tom of which wells a quantity of plumbago is collected every 
fix months. 

i F 
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He fuppofes that the black mud which is found beiMth 
the pavement of Paris is plumbago formed in the humid 
v. ay. 

There are Hkewife di drifts in Tufcany where plum 
is formed in the humid way. 

This fubftance is of conliderable ufe in the arts. It has 
been at all times applied to the purpofe of making pencils, 
the moil edeemed of which are thofe Which come from En- 
gland- They are made at Kefwick in the county of Cum- 
berland. The piece of plumbago is fawed into very thin 
plates. The edge of one of thefe plates is fitted into a 
groove (truck in a wooden cylinder ; and the thin plate of 
plumbago is then cut off in fuch a manner that the cavity of 
the fmall cylinder remains perfectly filled. 

The dull of plumbago is ufed to lubricate certain indru- 
ments ; and it is likewife made into pencils of an inferior 
quality, by kneading it up with mucilage, or by fufing it with 
fulphur. The fraud may eafily be dilcovered by the abid- 
ance of fire, which burns the fulphur ; or by means of water, 
which diflolves the mucilage. 

Plumbago is likewife ufed to defend iron from ruft. 
The hearths and plates of chimneys, and other fimilar uten- 
fils, which appear very bright owe their colour to plumbago. 
Homberg has communicated a procefs, in the year 1699, 
in which plumbago is applied to this ufe. Eight pounds 
of hogs-lard are melted with a fmall quantity of water, with 
the addition of four ounces of camphor. When this lalt 
is fufed, the mixture is taken Irom the fire ; and while it is 
yet hot, a fmall quantity of plumbago is added, to give it 
a leaden colour. When this is to be applied, the utenfils 
muft be heated to fuch a degree, that the hand can fcarcely 
be applied to them. In this date the compofition mult 
be rubbed on them, and afterwards wiped when the piece is 
dry. 

Thofe who prepare fmall (hot, make ufe of black lead 
to polifh and glaze it; the ihot is rolled or agitated together 
with a quantity of plumbago. Plumbago is likewife ufed 
to make razor drops. When kneaded up with clay, it 
forms excellent crucibles, which we receive from Paflaw in 
Saxony. One part of plumbago, three of argillaceous 
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earth, and a (mail quantity of cows' dung very finely chop- 
ped, form an excellent lute for retorts. Mr. Pelletier has 
ufed it with great advantage. This lute is exceedingly 
refractory ; and the glafs will melt without the covering 
changing its form. 

To make the affay of an iron ore, I find the following- 
flux very advantageous : — I mix four hundred grains of cal- 
cined borax, forty grains of flacked lime, two hundred 
grains of nitrate, and two hundred of the ore to be affayed. 
I pulverize this mixture and place it in a lined crucible, 
which 1 cover. The heat of a forge furnace is fufficient 
to effect the reduction. In the fpace of half an hour, the 
button of metal is found depoiited at the bottom of the 
vitrified flux. 

The procefs for working iron mines varies according to 
the nature of the ore. The metal is fometimes fo little 
altered, and fo abundant, that nothing more is neceffary 
than to mix it with the coal, and fufe it. This fimple and 
©economical procefs forms the bafis of the Catalan method, 
which may be employed in treating the fpathofe iron ores, 
thofe of Elbe, the haematites, and other rich and pure 
ores. But it cannot be applied to fuch as contain much 
foreign matter capable of becoming converted into flag. 
For this reafon, the experiments made in the county of 
Foix on the ores of various countries, and various qualities, 
have not fucceeded. On this head, the work of Mr. De 
la Peyroufe, and the Memoirs of the Baron de Dietrich, 
may be confulted. 

The furnaces in which iron is fufed, are from twelve to 
eighteen feet in height. Their internal cavity has the 
form of two four-fided pyramids joined bafe to bafe. The 
only flux added to the ore is the calcareous ftone, named 
(by the French) cast'ine, if the ore be argillaceous ; but, 
if the gangue be calcareous, the workman employ argilla- 
ceous earth, which is named herbue. 

The furnace is charged at the upper part ; and the fire is 
excited by bellows, or hydraulic machines. The ore melts 
as it paffes through the coal and is collected at the bottom, 
where it is maintained in a liquid Hate. At the end of 
every eight hours it is fuffered to flow out into the mould, 
or hollow channel made in the fand. 
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Crude iron, cafl in fuitable moulds, forms chimney- 
backs, pots, cauldrons, pipes, and an infinity of uten 
or vafes, which could not be obtained without difficulty by 
forging the iron. The works which are efhblilhed at 
Creufot in Burgundy furpafs every thing which can be 
defired in this fpecies of induftry, 

This firft product is called Call or Crude Iron. It is 
brittle; but may be rendered ductile by heating it again, 
and hammering it. For this purpofe the pig iron is fufed 
again, and ilirred while in the ftate of fufion : after which 
it is carried to the forge hammer. By this treatment the 
iron becomes ductile, affumes a fibrous texture, and is 
formed into fquare or flat bars for the purpofes of trade. 

Iron is likewife capable of a degree of fuperiority, which 
is given to if by placing it in contact with coaly fubflances, 
and foftening it to fuch a degree that thefe may penetrate 
into its texture* It is then known by the name of Steel. 
We are indebted to Mr. Jars for very interefting accounts 
of the fteel manufactories in England. The manufactory 
eftablifhed at Amboife is not inferior to thofe of England, 
as was afcertained by comparative experiments made upon 
the products of the feveral manufactories, at Luxemburg, 
on Friday the 7th of September, 1786. 

We may therefore divide the different dates of iron into 
caff, or crude iron, iron properly fo called, and ileel. It is 
clear that thefe three flates are nothing more than modifi- 
cations of each other; but the circumftances on which 
they depend, and the principle which eflabliflies their dif- 
ference, were till lately unknown. 

The celebrated Bergmann has given an analyfis of the 
various dates of iron, and has drawn up the following tabic : 
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This celebrated chemift has confirmed by his refults the 
conelufion of Reaumur, who always confidered fleel as an 
intermediate ftate between crude and malleable iron. 
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We are indebted to three French chemifts,MefTrs. Monge, 
Vandermonde, and Berthollet, for a quantity of much more 
accurate information refpc&ing all thefe ftates. 

We may confider iron ores as natural mixtures of iron, 
oxigene, and various foreign fubftances. When an ore is 
wrought, the object of the operator is to clear the iron of all 
thefe matters. To effec> this reparation, the ore is thrown 
into the fmelting furnaces, with different proportions of 
charcoal. Thefe matters are heated together until they ar- 
rive at the hotteft part where the mixture falls ; and, after 
fuffering the ftrong action of the fire, is precipitated in fu- 
iion, and forms a fluid mais at the bottom of the furnace. 
The earths and {tones, nearly in a vitrified Hate, float above 
the fluid ; and the oxigene, being partly driven out, remains 
hkewife in a greater or lefs quantity in the crude iron. TJ e 
crude iron is either white, or grey, or black. In our . . 
quiries concerning the caufe of thefe three kinds of iron, 
and their qualities, we can refer them only to the propor- 
tions of foreign principles contained in the crude iron. 
Thefe principles are carbone and oxigene. 

1. Crude iron contains carbone. The ladles which are 
ufed to agitate, take up, and pour out this melted metal, 
become covered with a coating of plumbago, which contains 
nine-tenths of carbone : and call iron, ftrongly heated in 
contact with the coal, fuffers a part to efcape or exfude 
from its furface when it is flowly cooled. Crude iron emits 
fparks when it is heated : the acids which diffolve it al- 
ways leave a refidue which is purely carbonaceous. The 
hydrogenous gas, which is obtained by treating thefe 
irons with acids, always affords the carbonic acid by com- 
buftion. 

2. Crude iron contains oxigene. Several mineralogifts 
attribute the fragility and brilliancy of crude iron to its Hill 
containing iron in the ftate of oxide. This opinion, which 
is generally adopted, fuppofes the exiftence of oxigene. 
Crude iron, urged by a violent heat in clofe veffels, affords 
the carbonic acid, and pafies to the ftate of foft iron ; becaufe 
its oxigene then unites to the carbonaceous principle, and 
conllitutes the carbonic acid, which exhales, and clears the 
crude iron from the two principles which altered its quality. 
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Oxigene and carbone exift therefore in crude iron, but 
they may exiit in three different Hates — 1. A large quan- 
tity of carbone, and a fmall quantity of oxigene. 2. An 
exact proportion between thcfe two principles. 3. Much 
oxigene, and a fmall quantity of carbone. — Now we find 
thefe three ftates in the three kinds of crude iron which we 
have diftinguifhed, as is proved by analyfis ; and, as we 
may judge by the fecondary proceffes, to correct thefe im- 
perfections, or to convert crude iron to the malleable fiate. 

1. In the firft cafe, that iron which contains an excefs 
of carbone is agitated or ftirred as it flows out. It is kept 
a long time expofed to the action of the bellows, and the 
fmallefl pofiible quantity of charcoal is made ufe of. We 
fee that in this procefs the propereft methods are ufed to 
facilitate the combultion of this excefs of the carbonaceous 
principle. 

2. In the fecond cafe, that kind of iron in which the prin- 
ciples exift in accurate proportions, requires only the action 
of heat to unite and volatilize the two foreign principles. 
The crude iron is put into a ftate of ebullition by the difen- 
gagement of the acid which is formed, and exhales. 

3. In the third kind, or that which contains oxigene in 
excefs, the bellows are urged lefs violently ; and the metal 
is penetrated with coal in order to combine with the oxi- 
gene. Here therefore we fee theory and practice go toge- 
ther. The former explains the ufual manipulations, and 
affords us principles in cafes wherein experiment too fre- 
quently fails. 

Steel is a kind of iron which contains carbone only ; and 
its exigence may be proved by all the experiments which 
have been mentioned as demonftrations that crude iron con- 
tains it. 

Carbone may be given to iron — 1. In the fufion of the 
ore. 2. Or, afterwards, by the cementation of iron with 
coaly fubftances. 

1. In fome parts of Hungary, and in the county of Foix, 
iron ores are wrought which contain the metal nearly in 
the difengaged ftate ; and the caft iron, when duly ham- 
mered, affords iron and fteel in a greater or lefs quantity, 
according to the management of the fire, the quantity of air. 
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afforded by the tuyere, the quantity of coal made ufe of, and 
the nature of the ore. In this operation, the iron being 
fcarcely at all calcined in the ore, becomes charged with 
coaly matter only, and the refult is fteel. 

2. If the coaly principle be combined with iron in a duc- 
tile ftate, and deprived of all foreign matter, the combinati- 
on being effected by a cementation or otherwife, the iron 
will pafs to the ltate of Heel ; and the qualities of this Heel 
will vary according to the proportions of carbone. The pu- 
rity of the iron, and the care which is taken to avoid the 
oxidation of the metal, eftablifli the various kinds of fleet 
which are met with in commerce. 

The nature and the principles of fteel being once admitted 
and eftablifhed, the following facts will explain themfelves. 

1. Since fteel contains no foreign principle but carbone, 
it is not furprifing that it remains unchanged by a violent 
heat in clofe veflels, 

2. Steel, repeatedly heated, and expofed while hot to a 
current of air, lofes its properties, and palfes again to the 
flate of foft iron, 

3. Steel kept plunged for a time in crude iron in which 
oxigene predominates, becomes itfeif converted into foft iron. 

4. Soft iron kept for a time plunged in crude iron, where- 
in carbone predominates, becomes converted into fteel. 

5. Iron, by palling to the ftate of fteel, increafes in 
weight one hundred and feventieth part. 

Ductile iron would be a very foft metal, if it were cleared 
of all foreign fubftances. 

From all thefe fac~ts we may conclude — 1. That crude 
iron is a mixture of iron, carbone, and oxigene, 2. That 
the products of crude iron are white, grey, or black, accord- 
ing to the proportions of oxigene and carbone which it con- 
tains. 3. That the fteel of cementation is merely a mix- 
ture of iron and carbone. 4. That fteel which is over ce- 
mented, is an iron containing too large a quantity of car- 
bone, 5. That iron would be a very foft metal, if it were 
not mixed with a greater or lefs quantity of oxigene and 
carbone. 

Forged iron is diftinguifhed into foft iron, and eager or 
brittle iron, by us (the French) called Rouvrain. This 
Jaft has a coarfer grain than the other : it is divided into 
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red fhort iron, and cold fhort iron. The caufe of this 
phenomenon is known : it arifes from a pbofphate of iron, 
which was difcovered by Bergmann. This celebrated 
chemift conitantly obferved a precipitate to be formed in 
the foliations of cold fhort iron in the fulphuric acid. It 
was a white powder, which he called Siderite, and at firll 
fuppofed to be a peculiar metal ; but Mr. Meyer of Stetin 
has proved that it is a true phofphate of iron. 

Soft iron does not afford it. All the irons of Champagne 
afford about a dram, or groa, in the pound of iron. 

In order to obtain fiderite, it is neceffary that the folution 
mould be faturated by a gentle heat on the land bath. If 
the folution be made too quickly, the fiderite is then mixed 
with ochre, which alters its purity and whitenefs. 

A precipitate is formed, which takes place fo much the 
more fpeedily, as the folution is more diluted with water 
each time after filtration. The precipitate is formed in the 
firft three or four days ; a fecond is obtained towards the 
fixth day ; and that which afterwards falls down is mixed 
with ochre. 

Siderite may likewife be obtained by diffolving iron in 
the nitric acid, and evaporation to drynefs. The iron is 
oxided by this firil operation. Mere nitric acid being poured 
on this refidue, diflblves only the fiderite, without touching 
the oxide of iron. A fecond evaporation mult then be 
made ; and the refidue mud be diluted with water, to evapo- 
rate the lail portions of nitric acid : and that which remains 
is fiderite. It is foluble in the fulphuric, nitric, and muria- 
tic acids, from which it may be precipitated by pouring 
into the folution as much alkali as is neceffary to faturate 
the acidfolvent. If the alkali be added in excefs, ochre 
is then precipitated ; and the refult is a phofphate, and a 
fait arifing from the union of the acid made ufe of and the 
alkali which has ferved for the precipitation. 

The fixed and volatile alkalis, and lime water, decom- 
pofe fiderite. It is likewife decompofed by projecting it 
upon fufed nitre. 

When it has been precipitated by ammoniac, cryflals 
may be obtained by evaporation, which when treated with 
powder of charcoal affords phofphorus. The ochreous 
precipitate affords iron by reduction ; it is therefore a com- 
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tarnation of the phofphoric acid and iron. Every folution of 
iron is precipitated in the form of fiderite by the phofphoric 
acid. 

The effecl of the tempering of iron likewife deferves 
the attention of the chemift. I am of opinion that the 
hardnefs and brilliancy which iron acquires by this opera- 
tion, arifes from its integrant parts, which are feparated 
by the heat, being kept and left at a certain diitance from 
each other by the i'udden cold, which drives out the heat, 
without bringing the conftituent principles of the mafs 
together. The iron is then more brittle, becaufe the affi- 
nity of aggregation is lefs. 

Iron is eafily oxided. A bar of iron which is heated a 
long time in the forge furnace, becomes oxided at its fur- 
face ; and the coatings of metal wnich pafs to the ftate of 
oxide, are feparated from the mafs in the form of fcales. 
The mod degraded and the moil altered metal, in the Hate 
when it is no longer attracted by the magnet, forms an 
oxide of a reddifh brown colour, known by the name of 
Aflringent Saffron of Mars, or the Brown Oxide of Iron. 

The colour of this oxide varies according to its degree of 
oxidation. It is yellow, poppy-colour, or red ; and is eafily 
reduced into a black powder, when heated with coaly matters. 

The combined action of air and water conftitutes a mar- 
tial oxide, known by the name of Aperitive Saffron of 
Mars. This compofition is produced by the combination 
of oxigenous gas and carbonic gas with the iron. The 
expofition of the iron to a humid atmofphere rufts it fpee- 
dily, and caufes it to pafs to the flate of aperitive faffron of 
Mars. This preparation is a true carbonate of iron. 

Water likewife acts upon iron. If iron filings be put 
into this liquid, and be agitated from time to time, the 
iron becomes divided, and blackens ; and by decanting the 
turbid water, a black powder is depofited, which is called 
the Martial .t.thiops of Lemery or the Black Oxide of Iron. 
It is a commencement of calcination effected by the air con- 
tained in the water ; but more efpecially by the decompo- 
fition of the water itfelf. 

The fixed and volatile alkalis, in the fluid ftate, being 
digefted upon iron, oxide a flight portion, which falls 
down in the form of sethiops. 

1 G 
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All acids a£t more or lefs upon iron. 

1. The concentrated fulphuric acid is decompolcd by 
boiling upon this metal. If the mixture be diililled to dry- 
nefs, the retort is found to contain fublimed fulphur, and 
a white mafs, partly foluble in water, but incapable oi 
cryftallization. 

But if the diluted fulphuric acid be poured upon iron, 
a confiderable eiTervefcence arifes in confequence of the 
difengagement of hydrogenous gas. In this operation, the 
water is decompofed, itsoxigene is employed to calcine the 
metal, while the hydrogene is di (engaged ; and the acid 
acls upon and dhTolves the metal without being decompofed. 
This folution, when concentrated by evaporation, affords 
the fulphate of iron, which we have already treated of. 

2. The nitric acid is decompofed rapidly upon iron. 
The folution is of a red brown colour, and fuffers the ox- 
ide of iron to fall down at the expiration of a certain time. 
If new iron be plunged in this folution, the acid dillolves 
it, and lets fall the oxide which it held in folution. 

If the folutions be concentrated, martial ochre of a 
red brown colour falls down. If the concentration be 
carried ftill further, a reddifh jelly is formed, which is 
partially foluble in water. 

Iron precipitated from its folution by the carbonate of 
pot-afh, is eafily dilfolvedby the fuperabundant alkali, and 
forms the martial alkaline tincture of Stahl. 

Mr. Maret has propofed to precipitate the iron by the 
cauflic alkali, to make the gethiops immediately. Mr. 
Darcet, in rendering an account of the procefs of Mr. 
Meret to the Royal Society of medicine, has propofed that 
of Mr. Crohare, which confiils in boiling upon the iron 
water acidulated with the muriatic acid. 

Mr. De Fourcroy made a courfe of experiments upon 
the martial precipitates, which throws much light upon the 
caufes of the aftonifhing varieties obferved in them. He 
has proved that the whole depends either on the nature of 
the acid, or the manner of operating at the time of making 
thefe precipitates, or the quality of the precipitant. 

3. The diluted muriatic acid attacks iron with vehe- 
mence. Hydrogenous gas is difengaged, which arifes from 
the decompofition of the water. If the folution be concen- 
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trated, and left to cool when it is of the thicknefs of fyrup, 
a magma is formed ; thin, flattened cryftals are perceived, 
which are very deliquefccnt. The muriate of iron, diliil- 
led in a retort by the Duke D'Ayen, exhibited very lingu- 
lar phenomena. The firft product was an acid phlegm. 
At a ftronger heat, a non-deliquefcent muriate of iron fub- 
limed, at the fame time that very tranfparent cryftals rofe 
to the roof of the retort, in the form of the blades of razors, 
which decompofed the light in the fame manner as the bell 
prifms. At the bottom of the retort there remained a 
ftyptic deliquefccnt fait, of a brilliant colour, and a foliated 
appearance, which exactly refembled the large plated talc, 
improperly called Mufcovy Glafe. This lail fait expofed 
to a violent heat, afforded a fublimate more aftonifhing 
than the former produces. It was an opake fubftance, 
truly metallic, which exhibited feclions of hexahedral 
prifms, polifhed like fteel. It was iron reduced, and fub- 
limed. 

4. It was long fince known that iron is precipitated 
from its folutions by vegetable aftringent fubftances ; and 
the black dyes, and the fabrication of ink, are founded on 
this known fact. But it was not till lately that an acid has 
been proved to exift in thefe fubftances, which combined 
with the iron, and which may be obtained from all thefe 
aftringent vegetables, either by iimple diftillation, or by mere 
digeftion in cold water, The moft Iimple procefs is the 
following : 

Infufe one pound of powder of nut-galls in 24. pints of 
pure water. Leave the mixture together for four days, 
frequently making the infufion. Then filter, and leave 
the fluid in a veffel fimply covered with blotting paper. 
The liquid becomes covered with a thick pellicle of mould- 
inefs, and a precipitate falls down in proportion as the infu- 
fion evaporates. Thefe precipitates collected, and diffolv- 
ed in boiling water, form a liquor of a brown yellow colour, 
which, evaporated by a gentle heat, depofits — 1. A preci- 
pitate which refembles fine fand. 2. Cryftals difpofed in 
the form of a ftar. This fait is grey ; and it is impolfible 
to obtain it of a whiter colour by any repetition of folutions 
and cryftallizations. 
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It is an acid which effervefces with chalk, and reddens 
the infufion of turnfole. 

Half an ounce of this fait is foluble in an ounce and an 
half of boiling water, or twelve ounces of cold water. 

Boiling fpirit of wine diflblves its own weight of this 
acid ; but cold fpirit diflblves only one-fourth. 

This fait is inflammable in the fire. It melts, and leaves 
a coal of difficult incineration. 

When this acid is diiiilled in a retort, it becomes at firft 
fluid, gives out an acid phlegm, but no o'.l ; and, towards 
the end, a white fublimate rifes, which attaches itfelt to 
the neck of the retort, and remains fluid as long as it is not, 
but afterwards cryflallizes. Much coal is found in the re- 
tort. The fubiimate has nearly the tafie and fmell of acid 
of benzoin, is as foluble in water as in fpirit of wine, red- 
dens the infufion of rurnfole, and precipitates metalhc folu- 
tions with their different colours, and iron black. 

The folution of the fait of the nut-gall, poured into a fo- 
lution of gold, renders it of a dark green ; and precipitates 
a brown powder, which is gold revived. 

The folution of filver becomes brown ; and at length 
depofits a grey powder, which is revived filver. 

The folution of mercury is precipitated of a yellow orange 
colour. 

The folution of copper affords a brown precipitate. 
The folution of iron becomes black. 
The folution of the acetite of lead is precipitated white. 
This fait is changed into the oxalic acid, if the nitric acid 
be (Milled from it. 

The bails of ink confifts of a folution of iron by the gal- 
lic acid. To make good ink, take one pound of nut-galls, 
fix ounces of gum arabic, and fix ounces of green copperas, 
with four pints of common water. The nut-galls mull be 
bruifed, and infufed for four hours without boiling. The 
pounded gum muft be firft added, and fuffered to diiTolve ; 
and, laftly, the copperas, which immediately converts the 
fluid to a black colour. Lewis, of the Royal Society of Lon- 
don, made many refearches on this fubjeel: ; but he always 
returns to the forementioned fubftances. Powdered fugar 
is fcraetimes added, to render the ink mining. 
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5. The vegetable acid likewife diffolves iron with faci- 
lity. It is this which holds the metal fufpended in vegeta- 
bles ; and it may be precipitated from wine in the form of 
Bethiops, by the means of alkalis. 

Cream of tartar, or the acidulous tartrite of pot-am, like- 
wife diflblves iron ; and the various degrees of concentrati- 
on of this folution forms the foluble martial tartar, the ape- 
ritive extract of Mars, and the balls of Nancy. 

7. The folution of iron, by the oxalic acid, affords prif- 
matic cryftals of a greenim yellow colour, and a fomewhat 
aftringent tafte, foluble in water, and efflorefcing by heat. 

3. Iron, dilfolved by the pruffic acid, forms Pruffian blue, 
or the prulTiate of iron. 

A Angular miftake gave rife to the difcovery of this fub- 
ftance. Dieibach, a chemirt of Berlin, being delirous of 
precipitating a decoction of cochineal with fixed alkali, bor- 
rowed of Dippel an alkali upon which he had feveral times 
diiiilled animal oil ; and as the decodtion of the cochineal 
contained fulphate of iron, the liquor immediately afforded 
a beautiful blue. The experiment being repeated was fol- 
lowed with fimilar refults ; and this colour became an object 
of commerce, under the name of Pruffian Blue. 

Pruffian blue was announced in the Memoirs of the Aca- 
demy of Berlin in the year 17 10, but without any account 
of the procefs, which was kept a fecret until other chemifls 
difcovered it. The procefs was rendered public in the year 
1724, in the Philofophical Tranfactions, by Woodward ; 
who declared that he had received it from one of his friends 
in Germany. 

To make Pruffian blue, four ounces of alkali are mixed 
with the fame weight of dried bullocks blood, and the mix- 
ture expofed in a crucible, which is covered in order to flifle 
the flame ; the fire is kept up until the mixture is convert- 
ed into a red-hot coal. This charcoal is thrown into water 
which is afterwards filtered, and concentrated by evaporati- 
on. The liquor is known by the name of the Phlogifticated 
Alkali. On the other hand, two ounces of the fulphate of 
iron and four ounces of the fulphate of alumine are dilTolved 
in a pint of water. The two folutions are mixed, and a 
bliieifh depofition falls down, which is rendered ftjll more 
jntenfely blue by warning it with muriatic acic{, . 
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Such is the procefs ufed in chemical laboratories ; but 
in the works in the large way another method is followed. 
Equal parts of the rafpings of horns, clippings of fkins, or 
other animal fubftances, are taken and converted into char- 
coal. Ten pounds of this coal are mixed with thirty pounds 
of pot-afh, and the mixture is calcined in an iron vefiel. 
After twelve hours ignition, the mixture acquires the form 
of a loft pafle, which is poured out into veflels of water. The 
water is then filtered ; and the folution mixed with another, 
confiding of three parts of alum, and one of fulphate of iron. 

I have likewife made Prufiian blue by calcining and 
burning in the lame vefiel equal parts of the ihavings of 
horns and tartar. I received the animal oil and the ammo- 
niac, afforded by the calcination of thefe fubftances in large 
calks, which communicated with each other, and formed 
an apparatus after the manner of Woulfe. 

It has likewife been obferved that the tips of the thyme, 
the fun-flower, and feveral other vegetable fubftances, when 
treated with alkali, communicate to it in a certain degree, 
the property of precipitating iron of a blue colour. 

Much reafoning has been exhibited on the etiology of this 
phenomenon. Meffrs. Brown' and Geoffrey confidered 
Prufiian blue as the phlogifton of iron, developed in the 
lixivium of blood. The abbe Menon imagined that the 
colour of iron was blue, and that the phlogifticated alkali 
precipitated it in its natural colour. 

Mr. Macquer refuted the opinion of his predeceffors in 
the year 1752 ; and propofed a fyftem, in which he confi- 
ders Prufiian blue as iron fuperfaturated with phlogilton. 
This fkilful chemift proved that the blue is not foluble in 
anyrefpeel in acids; and that the alkalis are capable of dif- 
folving the colouring matter of the Prufiian blue, and of be- 
coming faturated with it to fuch a degree as to be no longer 
capable ofeffervefcing. 

Mr. Sage affirmed that the iron was faturated with the 
phofphoric acid ; and the celebrated Bergmann likewife fuf- 
pected the exiftence of fome animal acid, as is proved by 
his notes on the leffons of chemiftry of Scheffer. But it was 
referred to the celebrated Scheele to convert thefe fufpiciona 
into certaintv. 
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He has proved that the lixivium of blood, expofed for a 
certain time to the air, lofes the property of precipitating 
iron of a blue colour ; and he has {hewn that this circum- 
ftance depends on the carbonic acid of the atmofphere, 
which difengages the colouring part. By adding a fmall 
quantity of fulphate of iron to this lixivium, it is no longer 
changed in confeqitence of its remaining in the carbonic 
acid. By Boiling this lixivium upon an oxide of iron, it is 
likewife no longer capable of change in the carbonic acid. 
The iron has therefore the property of fixing and retaining 
the colouring principle ; but it is neceffary that it mould 
not be in the ftate of oxide. 

Pruffian blue, treated in the way of diftillation with the 
fulphuric acid, permits a fluid to efcape that holds the pruffic 
acid in foiution, which may be precipitated upon iron. 

The procefles of Scheele, to obtain this acid in a ftate of 
purity, confift in. putting two ounces of pulverifed Pruffian 
blue into a glafs cucurbit, with one ounce of red precipi- 
tate, and fix ounces of water. This mixture is to be boiled 
for fome minutes, continually ftirring it. It then affumes 
a yellow colour inclining to green. The fluid being filtered, 
two ounces of boiling water are to be thrown on the refidue. 
This liquor is a pruffiate of mercury, which cannot be de- 
compofed either by alkalis or acids. The foiution is then 
poured into a bottle, in which an ounce of newly-made 
filings of iron is put : three gros of concentrated fulphuric 
acid are to be added, and the whole agitated ftrongly for 
feveral minutes. The mixture becomes perfectly black by 
the reduction of the mercury ; the liquor lofes its mercurial 
tafte and exhibits that of the colouring lixivium. After 
fuffering it to ftand at reft for a time, it is decanted, put 
into a retort, and diftilled by a gentle fire. The colouring 
principle pafles firft, becaufe more volatile than water. The 
operation muft be put an end to, as foon as one quarter of 
the liquor has paffed over. As this product contains a fmall 
quantity of fulphuric acid, it may be cleared of it by re- 
diflilling it from pulverized chalk by a very gentle fire. 
The pruffic acid then comes over in a ftate of the greateft 
purity. Scheele recommends that the veffels be well luted, 
becaufe the acid would otherwife efcape on account of its 
great levity. It is even of advantage to put a fmall quantity 



374 Analysis of Prussian Actd. 

of water into the receivers, to abforb the acid; and it would 
likewife be very proper to furfound them with pounded ice. 

This acid has a particular fmell, which is not di {"agree- 
able ; and its tafle is fweet. 

It does not redden blue paper ; but renders the folutions 
offoap and of the fulphure of alkali turbid. Mr. Weftrumb 
pretends that the pruflic acid is the fame as the phofphoric ; 
for he obtained fiderite from Prufiian blue, and formed 
animal earth by mixing the luxivium of blood with a folu- 
tion of calcareous earth. 

The folution of iron in the pruflic acid affords Prufiian 
blue. We are indebted to Mr. Berthollet for a very inte- 
reiling feries of experiments upon the pruflic acid, and its 
combinations. 

The oxide of iron is capable of exifting in two different 
Hates in combination with the pruflic acid. If the oxide 
predominates, the combination is yellowim ; but if its pro- 
portion be lefs, the product is Prufiian blue. All the acids 
are capable of diffolving the ' portion or furplus of oxide 
which conflitutes the difference between the firfl and fecond 
combination. 

The pruffiate of pot-afti contains oxide of iron. If an 
acid be poured in, this oxide is dillblved, and is precipita- 
ted by double affinity in the form of Prufiian blue. The 
pruffiate of pot-afh made by a gentle heat, afterwards eva- 
porated to drynefs, then re-diflblved, and filtered, no lon- 
ger affords the blue upon the addition of acids. It cryftal- 
lizes in fquare plates with their edges cut flantways, form- 
ing octahedrons, whofe two oppoiite pyramids are truncated, 
This folution of the pruffiate of pot-afh, when mixed with 
the fulphuric acid, depofits Prufiian blue, if it be expofed 
to the folar light, or to a ffrong heat. In thefe procefies 
the pruffiate of alkali may be entirely decompoled ; the 
pruffiate of iron, when precipitated by the action of the 
alkaline pruffiate, carries down with it a notable proportion 
of alkali, of which it may be cleared by warnings, which 
contain the alkaline pruffiate. It is the fame with regard 
to precipitations by the pruffiates of lime and ammoniac. 

The pruffiate of mercury cryfcallizes in tetrahedral prifms, 
terminating in quadrangular pyramids, whofe planes anfwer 
to the angles of the prifms. Iron in its metallic ftate decom- 
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pofes the prulTiate of mercury, and deprives it both of its 
oxigene and its acid. The oxide of mercury likewife de- 
compofes the pruffiate of iron and feizes its acid. The pruf- 
fiate of mercury is but imperfectly decompofed by the ful- 
phuric and muriatic acids. Thefe acids form trifules, or 
triple falts, with it. The precipitate of the nitrate of barytes 
by the pruffic acid, is not the compound which Bergmann 
fuppofed it to be, but is merely a trifule. 

The pruffic acid readily precipitates alumine from its ni- 
tric folution ; the alumine nevertheless yields its pruffic acid 
to iron. 

The oxigenated muriatic acid, when mixed with the 
pruffic acid, is again converted to the Hate of common mu- 
riatic acid : the pruffic acid aiTumes a more lively fmell, be- 
comes more volatile, is deprived of its affinity to alkalis and 
lime ; it precipitates iron of a green colour ; and the green 
becomes blue if the precipitates be expofed to light, or if it 
be treated with the fulphureous acid. 

The pruffic acid, impregnated with the oxigenated muri- 
atic acid, and expofed to light, affumes the fmell of an 
aromatic oil, is collected at the bottom of the water in the 
form of an oil which is not inflammable, and rife s in vapour 
by a gemle heat. By repeating this procefs it may be to- 
tally decompofed ; and then this fpecies of oil becomes con- 
crete, and is reduced into cryftals. 

The acid appears to have undergone a partial combuftion 
in this operation ; at leaft the light and the fulphureous acid 
do not reilore it but by depriving it of oxigene. The oxi- 
genated pruffic acid, mixed with lime or a fixed alkali, be- 
comes totally decompofed. Volatile alkali is difengaged ; 
and if the alkali was very cauftic, fuch as the alcohol of pot- 
afh, it becomes effervefcent. 

The pruffic acid of Scheele is only decompofed in part by 
this procefs ; whence Mr. Berthollet concludes that it is 
compofed of hydrogene, nitrogene, and carbone. 

Thefe experiments do not prove that oxigene exifts in 
this acid. The water affords that which enters into the 
carbonic acid, produced by the diftillation of the pruffic 
acid. Pruffian blue takes fire more eafily than fulphur, 
and detonates ftrongly with the oxigenated muriate ofpot- 
afli. The pruffiate of mercury detonates ftill more flrongly 
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with the nitrate of mercury. The gas of thefe detonations 
has not yet been collected. The pruffic acid, combined 
with alkali and the oxide of iron, cannot be feparated by 
any acid without intervention of heat or light ; and when 
it is difengaged, it is no longer capable of feparating iron 
from the weakeft acid, unlefs it be in the way of double af- 
finity. Mr. Berthollet thinks that the claftic Hate of this 
acid diminifhes this affinity ; and that it is necdlary, in or- 
der that it may eafily enter into combination, that it flioukl 
have loft fome of its fpecific heat. It is this which renders 
the oxigenated acid fo feeble. 

Pruffian blue afforded me, by diftillation, in the ounce, 
one gros twenty-four grains of ammoniac, thirty-fix grains 
of the carbonate of ammoniac, four gros twelve grains of 
oxide of iron, or alumine, and one hundred and fixty-four 
inches of hydrogenous gas burning with a blue ilame. 

The ammoniac comes over in combination with a fmall 
quantity of the colouring principle, which it takes up, and 
holds in folution : the fulphuric acid renders this vifible. 

Ammoniac heated upon Pruffian blue decompofes it, by 
feizing the colouring matter. 

Lime-water digefled upon Pruffian blue difTolves the co- 
louring principle by the affiftance of a gentle heat ; the com- 
bination is rapid, and the water acquires a yellow colour. 
By filtration, the liquor paffes of a fine bright ydlow, no 
longer converts fyrup of violets to a green, and is no longer 
precipitated by the carbonic acid, it appears to be com- 
pletely neutralized, and affords an exceedingly fine blue, 
when poured into a folution of the fulphate of iron. The 
prufliate of lime has been propofed, by Meffrs. Fourcroy 
and Scheele, as the mofl accurate means of ascertaining the 
prefence of iron in any mineral water. 

The pure fixed alkalis immediately difcolour Pruffian 
blue in the cold. This combination produces heat ; and 
the pure alkalis ought to be preferred to the carbonates of 
alkali in experiments of this nature. 

Magnefia likewife feizes the colouring matter of Pruffian 
blue ; but much more weakly than lime-water. 

A mixture of equal parts of fteel filings and nitrate of 
pot-afh, thrown into a crucible ftrongly ignited, detonates 
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at the end of a certain time, with the difengagement of a 
confiderable quantity of very bright fparks. The refidue, 
when warned and filtered, affords an oxide of iron of a yel- 
lowifh colour, known by the name of Zwelfer's Saffron of 
Mars. 

Iron decompofes the muriate of ammoniac very well. 
Two gros of fteel filings, and one gros of this fait, afforded 
Mr. Bucquet, by diftillation in the pneumato-chemical ap- 
paratus over mercury, fifty-four cubic inches of an aeriform 
fluid ; half of which was alkaline gas, and the other half hy- 
drogenous gas. 

This decompofition is founded on the ftrong action of 
the muriatic acid of iron. 

One pound of the muriate of ammoniac in powder, and 
one ounce of fteel filings, fublimed together, form the mar- 
tial flowers, or Ens Marti s. Thefe flowers confift merely of 
the muriate of ammoniac, coloured, and rendered yellow by 
an oxide of iron. 

The oxide of iron decompofes the muriate of ammoniac 
much better. This is an effeft of double affinity. The 
ammoniac which rifes is fometimes effervefcent. 

A mixture of good filings of fteel and fulphur, moiftened 
with a fmall quantity of water, becomes heated in the courfe 
of feveral hours. The water is decompofed, the iron rufts, 
the fulphur is converted into acid, the hydrogenous gas of 
the water exhales, and the heat is fometimes fufficient to 
fet the mixture on fire. This phenomenon conftitutes the 
volcano of Lemery. 

There is the ftrongeft analogy both in the phenomena and 
effects of the inflammation of this volcano, and the decom- 
pofition of pyrites. 

Sulphur combines eafily with iron by fufion, and then 
forms a true martial pyrites. 

Iron may be alloyed with feveral metallic fubftances ; but 
the only alloy which is ufed in the arts is that which it con- 
tracts with tin, to form white iron, or tin plates. 

To form the tin plates (commonly known by the name 
of Tin in England,) the fofteft iron is chofen, which is 
reduced into very thin plates. Care is taken to polifh or 
clean the furface very well ; and this is done in feveral 
ways. The pieces are rubbed with fand-ftone, and after- 
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wards kept for three times twenty-four hours in water, aci- 
dulated by the fermentation of malt, turning them from time 
to time. They are afterwards cleaned, dried, and are then 
ready for tinning. Sal ammoniac is likevvife ufed in fome 
manufactories. For this purpoie the plates are difpofed in 
a chamber, in which a certain quantity of fal ammoniac is 
volatilized. The fait forms a covering over the whole fur- 
face of every plate, and pofTeffes the double advantage of 
clearing it from ruff, and affording the coaly principle nc- 
ceffary to prevent the calcination of the metal. 

When the iron is well cleared, the plates are plunged ver- 
tically into a bath of tin, whofe furface is covered with pitch 
or tallow. They are turned in the bath ; and when taken 
out, they are wiped with faw-duft, or bran. 

The ufes of iron are fo very extenfive, that there are few 
arts which can be practifed without it. It is with juftice 
confidered as the foul of all the arts. Some of its ores are 
ufed in their native ftate ; fuch as the haematites, which is 
made into burnifhers. 

The fulphate of iron is the bafis of all black colours, 
inks, &c* 

The ochres are ufed by painters, under the name of 
Umber; and the brown red has the raoft extended ufe. 
With us (in France) it is applied to give a colour to brick 
pavements, to paint our doors and windows, to fmear our 
caiks, and to fecure them from decay and infects in fea 
voyages. 

Caff, iron is ufed to make boilers, chimney-grates, hearths, 
pots, &x. The inflruments of agriculture are made of this 
metal : fteel is ufed not only as fteel ; but its hardnefs ren- 
ders it proper to cut and work the other metals. 

The magnetical property of iron has led to the difcovery 
of the mariner's compafs ; and this metal, if it were produc- 
tive of no other advantage to mankind, would on that account 
be entitled to their greateft attention. 

Pruffian blue is an agreeable colour, greatly efteemed, and 
much ufed. 

Iron likewife furnifhes the art of medicine with remedies. 
It is the only metal which is not noxious ; and it has fuch 
an analogy with our organs, that it appears to conftitute 
one of the elements of the human frame. Its effects in 
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general confift in ftrengthening the ftomach ; and it appears 
to poflefs the property of palling in the circulation under 
the form of aethiops. The valuable experiments of Mr. 
Menghini, publifhed in the Memoirs of the Inftitute of 
Bologna, have proved that the blood of perfons who take 
martial remedies is thicker, and contains more iron. Mr. 
Lorry obferved that the urine of a fick perfon, to whom 
he adminiitered iron in a Hate of extreme divifion, was. 
manifeftly coloured with the nut-gall. 
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CHAPTER XI. 
Concerning Copper. 



^/OPPER is a reddifh metal, hard, elaftic, fono- 
rous, and affording a difagreeable fmell by friction. Its 
tafte is flyptic, and naufeous. One cubic foot of copper 
weighs five hundred and fortyrfive pounds. The fpecific 
gravity of call copper not hammered is 7,7880. — BrifTon. 

The alchemiits diftinguifhed this metal by the name of 
Venus, on account of the facility with which it unites and 
is alloyed with other metals. 

It may be reduced into very thin leaves, and drawn into 
very fine wire. The tenacity of this metal is fuch, that a 
wire of one tenth of an inch in diameter, is capable of 
fupporting a weight of two hundred and ninety-nine 
pounds four ounces, without breaking. 

This metal is capable of affecting a regular form. The 
abbe Mongez obferved it in folid quadrangular pyramids, 
fometimes inferted into each other. 

Copper is found in various forms in the bowels of the 
earth. 

1. Native copper. — This copper exifts fometimes in 
leaves in a gangue of quarts. It is likewife found in 
compact maffes at Japan. There is one of thefe pieces in 
the royal cabinet, which weighs ten or twelve pounds. 

Native copper is ufually difieminated in a brownifh mar- 
tial earth, fufceptible of a polifh. When this ore is rubbed 
with a flint, the traces appear of a beautiful copper-colour. 
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Ores of this kind are found at Kaumfdorf in Thuringia, — 
Sage, Analyfe Chimique, t. iii. p. 205. 

We have likewife found native copper at Saint Sauveur, 
It has the form of nodules refembling flalacYites. Molt of 
the native coppers appear to be formed by cementation, or 
by the precipitation of this metal diflblved in an acid, and 
thrown down by martial falts. 

Mr. Sage thinks that this metal may likewife be precipi- 
tated from its folutions by phofphorus. To eife6t, fays he, 
the precipitation of copper by phofphorus, twelve grains 
of this metal are to be diffolved in half a gros of nitric acid. 
The folution mult be poured into half a pint of diftilled 
water, into which a cylinder of phofphorus, two inches 
long, weighing forty-eight grains, mull be plunged. The 
furface becomes alinoft immediately black, and is covered 
with particles of copper poffeffing the matallic colour and 
brilliancy. At the end of feveral days, octahedral cryltals 
are feen, whofe infertions into each other produce elegant 
dendrites ; and at the end of ten days the twelve grains of 
copper are completely reduced, as is proved by pouring 
ammoniac into the water. If it do not exhibit a blue 
colour, it is a proof that the fluid contains no copper. 

2. Copper mineralized by fulphur forms the yellow ore 
of copper. 

This ore is of a golden colour, and the ignorant are 
often deceived by its flattering appearance. It contains a 
larger quantity of copper in proportion as the fulphur is lefs 
in quantity, and gives fewer fparks with the fleel. It fonie- 
times cryitallizes in beautiful octahedrons. I poffefs two 
fpecimens covered over with trihedral pyramids of near an 
inch lon<^, and between four and five lines in diameter at 

When the fulphur is fo abundant that the proportion of 
copper will no longer pay for the working, the ore is cal- 
led Marcafite. The marcafite cryflallizes in cubes or in 
octahedrons, which eafily efflorefce. 

The yellow copper ore is found in various Hates accord- 
inn- to the courfe of its decompofition. The firft imprefljon 
of' hepatic vapours colours the furface in a thoufand ihades, 
iawhichftateit is known by the name of Peacocks Tail, 
Pigeons Neck, he. 
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The laft degree of alteration of this ore, effecled by the 
iimple difengagement of fulphur, forms the hepatic copper 
ore. The yellow colour is then converted into an pbfcure 
brown colour : this ore appears then to contain no other 
principles but water, copper, and iron, which laft is always 
more or lefs abundant in thefe ores. 

The yellow copper ore fometimes forms fulphate of cop- 
per in its decompofitiom This fait is diilolved in water, 
and forms fprings more or lei's loaded with it, from which 
the copper may be obtained by cementation. Old iron is 
thrown into the water ; the copper is precipitated, and the 
iron takes its place. In this way it is obtained in Hungary, 
and we might ufe this ceconomical procefs in feveral parts 
of oar provence. I have ftalaclites in my collection, fent 
me from Cevennes, which are coloured blue by a very 
confiderable quantity of copper. In Gevaudan, at half a 
quarter of a league from St. Leger de Peyre, feveral fprings 
of water impregnated with copper are found, which run 
into a valley. The inhabitants of this canton drink a glafs 
of the water occafionally as a purgative. 

The fkeletons of animals are fometimes found in copper- 
mines penetrated with that metal. Swedenburg has given 
an engraving of the figure of a fkeleton of a quadruped 
taken out of a copper-mine and coloured by that metal. 
In the royal cabinet there is a human hand, green at the 
extremity of the fingers, the mufcles of which are dried, 
and greenifh. According to the report of Mr. Leyel, con- 
iiil of mines, there was found at Fahlun in Sweden, in the 
great copper mine, a human carcafe, which had remained 
there forty years, with the flefh and bones entire, without 
corruption, and without emitting any fmell. The body 
was clothed and entirely incruiled with vitriol. — Acta 
Literaria Suec. tri. i. anno 1722, p. 250. 

The turquoife Hones are merely bones coloured by the 
oxides of copper. Mr. De Reaumur, in the year 1725, 
gave an account to the Academy of the turquoifes found in 
Lower Languedoc. The colour of the turquoife frequently 
becomes converted into green, which depends on the alter- 
ation of the metallic oxide. -The turquoife of Lower Lan- 
guedoc emits a fetid fmell by the action of fire, and is 
decompofed by acids. The turquoife of Pruffia emir s no 
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fmell, and is not attacked by acids. Mr. Sage lufpectcd 
that the offeous part is agatized in thefe lafh 

3. Grey copper ovq — The copper is mineralized by 
arferiic. It has a grey colour, and an appearance nearly 
vitreous. It ufually contains lilver ; and, when wrought 
to extract this precious metal, it is called the Grey Silver 
Ore. It affects a tetrahedral form ; and arlenic is the moll 
predominant of its principles. 

4. The grey antimonial copper ore. — This differs from 
the former, becaufe it contains iulphur and antimony, and is 
much more difficult to be wrought. When expofed to the 
fire, it becomes as fluid as water ; the fulphur is volatilized 
with the antimony and the arlenic. The refidue of the tor- 
refaction is a mixture of the antimony and copper, and fome- 
times it contains filver likewife. 

5. Copper ores, in their decompcfition, are reduced to a 
more oriels perfect 1 late of oxidation. The carbonic acid 
frequently unites to the metal, and becomes the mineralizer. 
This fubllance is known by the name of Mountain Blue, 
Azure of Copper, Mountain Green, Malachite. 

A. The azure of copper cryftallizes in rhomboidal tetra- 
hedral prifms, rather flattened, terminating in dihedral 
fummits : thefe cryflals are of the mod beautiful blue ; they 
are frequently altered by expofure to the air, and become 
converted into malachite. 

Mr. Sage has imitated the azure, both in the form and 
colour, by diffolving copper, in the cold, in water fatura- 
ted with carbonate of ammoniac. When the azure of 
copper is of a lefs brilliant colour, and in the pulverulent 
form, it is called Mountain Blue. 

B. The malachite cryftallized in octahedrons has been 
found in Siberia. This ore is frequently ftriated, formed 
into fmall tufts of a filky appearance, or in very clofe paral- 
lel fibres. The malachite is frequently covered with pro- 
tuberances. This figure appears to announce that it has 
been formed in the fame manner as the ftalactites. 

Mountain green differs from the malachite only in its 
pulverulent form, and the mixtures which alter it. The 
alterations of the copper ores, and native copper likewife, 
produce a cupreous oxide, which bears the name of Red 
Copper Ore. The mine of Predanah, in the county of 
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Cornwall, has afforded the fined fpecimens of red copper ore. 
The metal is nearly in the metallic ftate, and has the form 
of octahedral cryftais. The granular red copper ore differs 
from this only in its figure. It ibmetim.es has a brown mar- 
tial earth for its gangue. 

The azure, the malachite, and the red copper require no 
other proceis but mere fufion with coal to convert them into 
metal ; the other kinds require to be cleared of their mine- 
ralizer by torrefaclion, and afterwards to be fufed with three 
parts of black flux. 

To affay a fulphureous copper ore, Mr. Exchaquet p'ro- 
pofes to make two gros of the crude ore, and one of the 
nitrate of pot-am ; which, after pulverization, are to be de- 
tonated in an ignited crucible. The matter becomes hard 
after the detonation ; upon which the fire is to be increafed 
and kept up, in order that the fulphur may be diffipated. 
The fire is then to be ftill more ftrongly urged, until the ore 
enters into fufion ; and a mixture of half an ounce of tar- 
tar, one quarter of an ounce of fait, and a fmall quantity of 
charcoal, is to be added in equal portions. An effervefcence 
takes place at each projection of the mixture. The fire is 
then to be ftill more itrongly railed, and the crucible cover- 
ed, and kept in this ftate for half an hour, in order that the 
copper may flow into a mafs. In this way a very malleable 
button of copper is obtained. 

The working of copper ores varies according to their 
compofition. But, as the fulphureous ores are moft com- 
monly wrought, we mail confine ourfelves to the proceis 
which is moft fuitable to their nature. 

The metal is firft picked or forted ; afterwards pounded 
in a mill, and wafhed, to feparate the gangiae, and other 
foreign fubftances ; it is then roafted, to drive oft' its mine- 
ralizer ; and afterwards fufed in the blaft furnace. The 
refult of this firft fufion is black copper ; which is again 
fufed in the refining furnace, to diflipate all the fulphur 
which has withftood the preceding operations. When it 
is very pure, it is poured into a broad veflel, or tell ; a 
fmall quantity of water is thrown on its furface, which, being 
by that means cooled, feparates from the reft, and is taken 
up. This is the copper in rofettes, which is taken to the 
hammer to be beat into proper form. The feveral opera- 
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tions are different in various places. In fome countries, 
the ore is roafted as often as eight timer, ; in others, one or 
two are fufficient ; and in fome places it is not'roailed at all. 
This variety depends — 1. On the variations of practice: 
thofe who roaft but Tittle, employ more time and care in the 
fufion aid refining. 2. On the nature of the ore : when 
it is rich in iron, the roaftings are neceffary to difpofe this 
metal to fufion. 

The method of roafling is likewife prodigioufly varied. 
Pieces of the mineral are fometimes heaped up on a bed of 
combuitible matter, and in this manner the calcination is 
performed ; but, when this ore abounds with fulphur, it 
may be extracted by the ingenious procefs ufed at St. Bell, 
and defcribed by Meffrs. Jars in their excellent work. 

The fufion is commonly performed in the blaft furnace ; 
but atBriflol, in England, the ore is roafled in a reverbera- 
tory furnace, and fufed into black copper. 

The refining furnace conftructed at St. Bell, by Meffrs. 
jars, appears to me to be one of the belt. They have pub- 
lifhed an excellent defcription of it, which may be confulted 
in their Mirieralogical Travels. The refining of copper 
confilis in depriving it of the fulphur and iron which it may 
full retain. The fulphur is diffipated by lire, and bellows 
properly directed ■ and the iron is fcorified by the affiftance 
of fome pounds of lead fufed with the copper. The fkilful 
mineralogifts whom I have jail quoted, make ufe of a rever- 
beratory furnace, lined with charcoal ; and fiife and Ileum 
their copper, without uling lead. 

When the copper contains a fufficient quantity of filver 
to admit of extraction, the following procefs is ufed : — 
1. Seventy-five pounds of copper are fufed with two hun- 
dred and feventy-five of lead. The alloy is caft into flat 
pieces, which are called Loaves of Liquation. 2. Thefe 
loaves are expofed to a heat fufficient to fufe the lead, 
which carries the filver with it, and leaves the copper, 
which, on account of its being more di , retains 

the original form of the loaves; and is every where pene- 
trated by the interftices through which the fufed metal 
made its efcape; thefe are called Dried Loaves of Liqua- 
tion. 3. They are carried into a fecond furnace, \ 
they are expofed to a flronger heat, to deprive them ol 
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fmall quantity of lead which they ftill retain. 4. The lead 
is afterwards taken to the cupel, where it is fufed, and 
feparated from all the (liver it had taken up. 

Copper is altered by long expofure to the air. Its fur- 
face becomes covered with a greeriifh coating, which is 
very hard, and known to the antiquarians under the name 
of Patin. This is the feal which attefts the antiquity of 
ftatues and models covered with it. 

Copper, expofedto the lire, becomes blue, yellow, and 
at laft violet. It does not flow until it is flrongly ignited. 

hen in contact with the coals, it gives a blue greenifh 
tinge to the [lame ; and if it be kept a long time in iufion, 
part of it is volatilized. 

When copper is heated in contact with air, it burns at 
itsfurface, and becomes changed into a blackiih red oxide. 
This oxide may be feparated by fcriking the plate which has 
been ignited, or by plunging it in water. When the 
oxide has been pounded, and moft fcrongly calcined, it 
aflumes a brown red colour, and may be converted into a 
glafs of a brown colour by a more violent heat. 

1. The fulphuric acid only acts on copper when concen- 
trated, and very hot. It then diffolves it, and eafily affords 
blue cryftals of arhomboidal form. The fulphate of cop- 
per is known in commerce by the name of Blue Vitriol, 
Cyprian Vitriol, Blue Copper, he. 

Two methods are ufed to make the fulphate of copper 
which is met with in commerce. The firit confifis in calci- 
ning the cupreous pyrites, and caufmg them to effiorefce, 
in order to develope the fait, which is then extracted by lixi- 
vation. The fecond confiits in forming this pyrites arti- 
ficially, burning it, and lixiviating it, to extract die fait. 

This fait pofTefTes a vziy ftrong uyptic tafte. It is eafily 
fnfibte by heat, which diffipates its water of cryftallization, 
and changes its colour to a blueifh white. The fulphuric 
acid may be extracted by a very ftrong fire. Lime and 
magnelia decompofe this fait ; and the precipitate is of a 
blueifh white colour. If it be dried in the open air, it be- 
comes green. Ammoniac likewife precipitates the copper 
in a whitifli blue : but the precipitate is diflbived nearly at 
the fame inflant that it is formed ; and the refult is a folution 
of a beautiful blue colour, known by the name of Aqua 
Celeftis. 
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This fait contains in the quintal thirty pounds acid, forty- 
three water, and twenty-feyen copper. 

2. The nitric acid attacks copper with eiTervefcence, at 
the fame time that it becomes decompofed, and emits abun- 
dance of nitrous gas. When it is propofed to obtain this 
gas by the action of the acid upon the copper, it is nccef- 
fary to have the precaution of weakening the acid, and to 
prefent the copper in pieces of confiderable magnitude. If 
thefe circumlhnces be not attended to, the acid attack;, 
the metal with fuch violence, as fuddenly to emit a prodi- 
gious quantity of gas ; immediately after which an abforp- 
tion takes place, and the water of the jar paffes into the 
bottle. In this cafe ammoniac is formed. The diluted 
nitric acid perfectly difiblves copper : the folution is blue. 
If it be fpeedily concentrated, no other remit is obtained 
but a magma without cry ftals ; but if it be left cxpofed to 
the air, it affords cryftals in long parallelograms. By leav- 
ing a folution of this kind to fpontaneous evaporation, I 
have obtained rhomboidal cryftals, which, inftead of being 
blue, as they are ufually defcribed, are white. They 
decrepitate upon the coals, emit a red gas by mere heat, 
and nothing remains but a grey oxide. 

3. The muriatic acid does not diflblve copper unlefs it 
be boiling and concentrated ; the folution is green, and 
affords priimatic cryftals of confiderable regularity w hen the 
evaporation is flow. This muriate is of an agreeable grafs- 
green colour ; its tafte is caullic, and very aftringent ; it 
fufes by a gentle heat, and congeals into a mafs ; in which 
the acid is fo adherent, that a veiy ftong fire is required 
to difengage it. It is very deliquefcent. Ammoniac does 
not diiToive the oxide of this muriate with the fame facility 
as it does that of the other cupreous falts. This obfervation 
was made by Mr. De Fourcroy ; which I think may be ex- 
plained from the circumftance that the muriatic acid fuffers 
the copper to be precipitated in the metallic form, inftead of 
giving out a portion of its oxigene, which would facilitate 
the action of the alkali. 

4. The acetous acid, when made to act either hot or cold 
upon copper, only corrodes it, a/id produces the fubftance 
known in commerce under the name of Verdigris. The 
verdigris which is moft ufed in the arts has been long fabri- 
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cated at Montpellier exclufively. The prejudice which pre- 
vailed, that the cellars of this city alone were proper for this 
operation, preferred this commerce till lately in its hands. 
But the progrefs of information has fucceflively put it in the 
power of other countries to partake in this manufacture. 

The procefs ufed at Montpellier confiils in fermenting 
the refufe of grapes with four wine.* Thi3 refufeis after- 
wards laid in alternate itrata, with plates of copper fix inches 
long and five broad. In this ftate they are left for a certain 
time ; after which they are taken out, and placed edge wife in 
a cellar, where they are fprinkkd with four wine : in this 
fituation the verdigris fwells up ; and is afterwards fcraped 
off, put into lacks of leather, and exported to foreign 
countries. 

Ready-made vinegar is ufed at Grenoble, and the plates 
of copper are fprinkled with it. 

The verdet or verdigris of Grenoble contains one-fixth 
lefs of copper ; the vinegar which is obtained is flronger 
and more abundant. It has not the empyrueinatic fmell of 
that of Montpellier. The copper is therefore partly diffolv- 
ed in the verdet of Grenoble ; becaufe it has been firft re- 
duced into an oxide by the impreffion of the vinegar, and 
afterwards attacked by the fubfequent affufion of the fame 
acid. It is therefore an acetate of copper. 

The oxides of copper, difTolved in vinegar, form a fait 
known by the name of Cryftallized Verdigris, Cryflals of 
Venus, Acetate of Copper. 

To obtain this fait, the vinaffe or four wine is diftilled ; 
and this weak vinegar boiled on the verdigris. The folu- 
tion is then conveyed into a boiler, where it is concentrated 
until a pellicle appears. Sticks are then plunged in the 
bath ; and at the end of a certain number of days the Hicks 
are again taken out, covered with rhomboidal cryflals of a 
blue colour. Thefe clutters of cryftals, weighing each from 
four to fix pounds, are wrapped up in paper, and diflributed 
for fale. 

The vinegar may be difengaged by diflillation from thefe 
cryftals ; and the refidue is a cupreous oxide, which poffeffes 
the characters of pyrophorus, 

* VinaiTc. 
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Vinegar, diftilledon inanganefe, diflblvcs copper ; v 
proves that it has taken up oxigene. The acetic acid, or 
radical vinegar, differs from ordinary vinegar, in containi 
a greater quantity of oxigene ; and it is this oxigene which 
renders it proper to diflblve copper in the metallic fl 
The acetate of copper may likevvife be formed om- 

poiing fait of Saturn, or fugar of lead, by the fulphate of nop- 
per. The fulphate of lead falls down ; and the folution, 
when concentrated, affords the cupreous acetate. 

5, The pure fixed alkalis, digefted in the cold with 
filings of copper, become of a blue colour ; but ammoniac 
diiiolves it much more fpeedily. I put copper filings into 
a bottle with very cauftic ammoniac, and kept the bottle 
flopped for two years ; the copper was deprived of its co- 
lour, and became fimilar in appearance to a grey clay ; 
whereas a fimilar veifel, in which I had placed the fame 
mixture, but left open, foon afforded me very fmall blue 
cryftals ; and the v/hole concluded by affording only a hard 
ftratum of green matter, refembling malachite. 

Copper is precipitated from its folutions by iron. For 
this purpofe nothing more is required than to leave the iron 
in one of the folutions of the other metal, which need not 
be ftrong. The phenomenon may be rendered very fur. 
prifing, by pouring the folution of the fulphate of copper 
upon the clean furface of a piece of iron ; for this furface 
inftantly becomes covered with copper. The copper ob- 
tained by this means, is known by the name of Copper Ce- 
mentation. 

This precipitation of one metal by another, has given rife 
to a belief that the iron was converted into copper : and I 
could, from my own knowledge, mention the names of indi- 
viduals who have been impofed on by this phenomenon. 

Copper mixes with moil of the metals ; and forms — 

1. With arfenic, the white tombac. 

2. With bifmuth, an alloy of a reddifh white colour, with 
cubic facets. 

3. With antimony, a violet- coloured alloy. 

4. It may be combined with zinc by fufion, or by cemen- 
tation with lapis calarninaris. By the fii-ft procefs, fimilor, 
or the Manheim gold, is obtained ; the produce of the fe- 
cond is brafs. 



Habitudes of Copper. 389 

5. Copper, plunged in a folution of mercury, alTumes 
a white colour, which arifes from the mercury which is 
difplaced by the copper. 

6. Copper is eafily united with tin ; and on this 
depends the art of tinning ; for which purpofe it is nccef- 
fary to clean the furface of the metal perfectly ; becaufe the 
oxides do not combine with the metals. This firft object 
is accomplifhed by rubbing the metal intended to be tinned 
with the muriate of ammoniac, or by fcraping it effectually ; 
or even by palling a weak acid over its whole furface. 
Alter this operation the tin is applied by fufmg it in the 
veffel intended to be tinned, then fpreading it about with 
old rags rolled up ; and the oxidation of thefe metals is 
prevented by means of pitch. 

Copper, fufed with tin, forms bronze, or bell-metal. 
This alloy is more brittle, whiter, and more fonorous, in 
proportion to the quantity of tin that enters into its combi- 
nation : it is then ufed to make bells. When it is intended 
to be applied to the purpofe of calling Itatues, or forming 
great guns, a larger proportion of copper is ufed ; becaufe 
in this cafe folidity is one of the firft requifites. 

7. Copper and iron contract very little union. 

8. Copper, alloyed with filver, renders it more fufible ; 
and thefe two metals are combined to form folders. Hence 
it is that verdigris is occafionally obferved in pieces of filver, 
at thofe parts where joinings have been made by means of 
Iblder. 

Copper precipitates filver from its folution in the nitric 
acid. This method is ufed in the mints to feparate the 
Elver from the acid, after the operation of parting. 

Copper is very much ufed in the arts. All the boilers 
in dye-houfes which are intended to contain compofitions 
that do not attack this metal, are made of copper. 

It is at prefent ufed as a fheathing for the bottoms of 
mips. All our kitchen utenfils are m?.de of it ; and, in 
fpite of the danger to which we are daily expofed of being 
poifoned, and notwithstanding the flow and deftructive 
impreiTion this metal cannot but produce upon us indivi- 
dually, there are few houfes from which this metal is yet 
banifhed. It is a defirable objed that a law might be 
palled to prohibit its uie amongft us ; as has been done in 
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Sweden, at the. folicitation of the Baron ile Schoffcr, to 
whom the public gratitude lias erected a ilatue of the fame 
metal. It is an allowable infringement of peribnal liberty, 
when government take upon them to direct the conduct of 
individuals in fuch a numner as to f'ecure their own falety. 
There is no year paffes in which feveral perfons are not 
poifoned, by hams, or other food which is fullered to re- 
main in copper veffels. 

Tinning is not a complete remedy againft this danger ; 
for it leaves an infinity of points where the copper ir, 
uncovered*. 

The fulphate of copper is very much ufed in dying. 
Thecryftals of Venus, and verdigris, areiikewife ufed in 
painting ; they enter into the compofition of colours, var- 
niihes, &c. 

The various alloys of copper with other metals, renders 
it highly valuable in the arts. Brafs, bronze, and bell- 
metal, are very extenfively ufeful. 



CHAPTER XII. 
Concerning Mercury. 



_ERCURY difiers from all other metals, by 
its property of retaining the fluid ftate at the ordinary tem- 
perature of the atmofphere. 

It poffeffes the metallic opacity and brilliancy ; and even 
acquires malleability when deprived of fluidity by a proper 
degree of cold. The belt afcertained experiment which has 
been made on this phenomenon, was performed by the 
Academy of Peterfburg, in 1759. The natural cold was 
increafedbya mixture of fnow and highly conccntratedmtnc 
acid ; and the thermometer of De Lifle was caufed to fall 
to 213 degrees, which correfponds with 46 below o of 
Reaumur. At this period the mercury appeared to defcend 
no lower : the bulb of the thermometer being then broken, 

* It may befides be doubted whether the extremely thin white coating, 
which conceals the internal furf.ice of tinned copper, be not a kind of 
bell or fpeculum niecal, inftead of tin, as his generally fuppofed to be. 1. 
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the metal was found to be in a congealed flate, and bore 
to be flattened by the hammer. Mr. Pallas congealed 
mercury, 1111772, at Krafnejark, by the natural cold : he 
then found that it refembled foft tin. It has been afcer- 
tained in England that the degree of its congelation was 
the 3 2d of Reaumur. Mr. Mat he vr Gutherie, confulatthe 
court of the Emprefs of Ruffia, proved that the degree of 
cold of this congelation was 32 degrees below o of Reau- 
mur ; and that, when the mercury is purified by antimony, 
it congeals at 2 degrees lower. — See the Journal Encyclo- 
pedique, September 1785*. 

Mercury is as indeftruclible by fire as gold and filver ; 
and its properties in general have caufed it to be arranged 
among the perfect metals. 

A cubic foot of this metal weighs 949 pounds ; and its 
fpecific gravity is 13,5681. — Briffon. 

Mercury has been found in the earth in five different flates. 

1. Virgin Mercury is found in mod of the mines of this 
metal. Heat alone, or mechanical divifion of the ore, is 
fufficient to exhibit it in the metallic form. 

Native mercury has been found in digging the founda- 
tions of fome houfes at Montpellier; and this metal has been 
conflantly mixed and confounded with a grey or red clay, 
which forms a bed almoft continuous, at a few feet beneath 
the foundation of this town. 

The obfervations which I have had occafion to make on 
this fiibjecl:, have afcertained that the mercury exifts in a 
itratum of decompofed grit-ftone, very argillaceous, ferru- 
ginous, and ochreous ; of a red, brown, or grey colour. 
In this clay, the globules of mercury, in confiderabie abun- 
dance, were eaiily diftinguifhable, lying upon greyifh. 
plates. Traces are perceived which referable dendrites ; 
and its impreffions are formed by layers of the oxide of 
mercury. 

Several pounds of mercury have likewife been found in 
a well at Vienne in Dauphiny ; and Mr. Thouvenel has 
pointed out to us three mines of this metal in the fingie 
provence of Dauphiny, according to theindicationsof Bleton. 

* For an account of this (abject, fee Dr. Blagclcn's Hiflory of the 
Congelation of Mercury, in th«- leventy- third volume of the Philoib- 
phical Tranfattions. 

3 K 
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2. Mr. Sage read to the Academy, on the nth of May 
1782, the analylis of an ore of mercury, in the form of a 
iblid oxide, which came from Idria in Friuli. It is of a 
brown red colour ; and its fradture is granulated. It is redu- 
cible by mere heat ; and affords oxigenated gas. It emits 
only half the quantity afforded by red precipitate ; becaufe 
this oxide contains metallic mercury. It affords ninety-one 
pounds of mercury per quintal, and a fmall quantity of filver. 

3. The muriate of mercury, or corneous mercury, has 
been found native in the mine of Mufchel-Lamburg, in the 
duchy of Deux-Ponts. Mr. Sage obtained eighty-fix 
pounds of mercury per quintal. 

Mr. Woulfe has likewife difcovered, in 1776, a very 
ponderous white, green, or yellow cryftallized ore of mer- 
cury ; in which he proved the exillence of the fulphuric 
and muriatic acids. 

4. Mercury is fometimes naturally amalgamated with 
other metals, fuch as gold, filver, arfenic, copper, &.c. 

5. Mercury is ufually mineralized by fulphur ; and the 
product is cinnabar or aethiops, according to the colour. 

Cinnabar is found under different forms. 1. In red 
cryftals, confiding of two triangular pyramids, truncated, 
and joined bafe to bale, or elfe feparated by a very ftiort 
intermediate prifm. Cinnabar has likewife been found 
crynalized in tranfparent plates. 

2. Cinnabar is almofl always found in maffes, more or 
lefs compact; the colour varies from deep black to the 
brighteft red. In this laft ftate it is diltinguifhed by the 
name of Vermillion. 

Cinnabar has for its gangue, quartz, clay, calcareous 
earth, ponderous fpar, and even coal. The ore which 
the Germans called Brandertz, has for its gangue a bitumi- 
nous matter, which burns perfectly well ; and it affords 
only fix pounds of mercury in the quintal. 

The principal cinnabar mines which are wrought in Eu- 
rone, are thofe of the Palatinate and thofe of Spain. Mr. 
Sage' informed us, in 1776, of the procefs ufed in the Pa- 
latinate ; and we are indebted to Mr. De Juffieu for a de- 
fcription of the method ufed in Spain. 

In the Palatinate, the pounded and fifted ore is mixed 
with one third of lime; and the mixture introduced into 
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iron cucurbits, one inch thick, three feet nine inches long, 
one foot wide, with an opening of five inches. Thefe vef- 
fels are difpofed in a gallery. Forty-eight of thefe retorts 
being arranged in two parallel lines, a fecond row is placed 
above the firft. To the neck of each cucurbit an earthen 
pot is adapted, which is one-third filled with water, and ac- 
curately luted on. The gallery is heated at the two extre- 
mities ; feveral apertures formed in the dome ferve the pur- 
pofe of chimneys ; and the dift illation is effected by a fire 
kept up for ten or twelve hours. 

This procefs was followed at Almaden till the year 1647, 
when the following was adopted, as being more fimple and 
oeconomical. The furnace is twelve feet high, and four 
feet and an half diameter within. At the diftance of five 
feet and an half from the ground, is an arch upon which the 
ore is difpofed, and a fire is kindled in the alh-hole. The 
fublimed mercury efcapes through twelve apertures formed 
in the upper part of the laboratory. To thefe apertures, 
rows of aludels, inferted one in the other, are adjufted, and 
difpofed parallel upon a terrace, which terminates in a final! 
building feparated into as many chambers as there are files 
of aludels. Each chamber has a cavity in the middle, to 
receive the fmall quantity of mercury which may arrive to 
that diftance. 

Every furnace contains two hundred quintals of cinna- 
bar, and the fire is kept up for three days. The fulphur 
which burns is difengaged in the form of fulphureous acid, 
and efcapes through fmall chimneys made in each chamber. 
Every repetition of the procefs affords from twenty-five to 
fixty quintals of mercury. 

The mine of Almaden has been wrought from time im- 
memorial. Its veins are from three to fourteen feet in 
breadth ; and their breadth is even larger where they join. 

Hitherto no method has been difcovered to fix mercury 
but that of extreme cold. This metallic fubflance, natu- 
rally fluid, is capable of rifing even by a very moderate 
fire ; as is proved by an experiment of Mr. Achard, who 
having left a difh containing twenty pounds of mercury 
over a furnace which was daily heated, experienced a fali- 
vation at the end of feveral days ; as did likewife two other 
perfons who had not quitted the chamber. He eftimates 
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this heat at about eighteen degrees of Reaumur. — Journal 
de Phyfique, October 1702. 

It is dangerous to oppofe the evaporation or dilatation of 
this metal which is produced by heat. 

In the year 1732 an alchemift pre fen ted himfelf to Mr. 
GeorFroy, pretending he had difcovered the means of fixing 
mercury. He inclofed the metal in an iron box, and this 
box in five others, which were placed in a furnace ; the 
explofion was fo ftrofig, that it burll through the boards of 
the floor. Mr. Kellot has related a fimilar fa£t to the Aca- 
demy. 

Mercury boils in the fame manner as other liquids when 
it is heated ; and for this purpofe it does not even require 
a very confiderable heat ; the ebullition con fills merely in 
its tranfition to the vaporous ftate : for it may be cli (tilled 
like all other fluids, and by that means cleared of its impu- 
rities. Boerhaave had the patience to dillil the fame mer- 
cury five hundred times fucceffively; and the metal fu 
cd no other change, than that it afforded a grey powder, 
which required only trituration to convert it again into run- 
ning mercury. 

Mercury is not eafily changed in the air ; but if the action 
of the air be affifted by heat, the mercury gradually lofes its 
fluidity ; and at the end of feveral months forms a red ox- 
ide, which alchemifts have diftinguifhed by the name of Pre- 
cipitate per fe. The apparatus made ufe of for this opera- 
tion is a very large and very flat bottle, clofed with a Hopper, 
in which there is a capillary perforation. The mercury 
within the bottle by this means poffeffes the contacl of air; 
and by difpofmg the apparatus upon a fand bath, and keep- 
ing up the Hate of ebullition in the fluid, the oxide may be 
obtained in the courfe of feveral months. 

This oxide gives out its oxigene by Ample heat, without 
any intermedium ; and the mercury refumes its metallic 
form ; one ounce affords about a pint. A quintal of mer- 
cury takes up about eight pounds of oxigene. The red 
oxide of mercury, expofed to heat, fublimes in clofe veffels, 
and may be converted into a very beautiful glafs. I have 
obferved this on all occafions when I have made the red 
oxide by means of the nitric acid, according to the procefs 
which I fhall immediately defcribe. 
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It is certain that mercury upon which water is boiled, 
communicates a vermifuge property to that liquid, though 
the mod accurate experiments of Lemery have fhewn that 
the metal does not perceptibly lofe weight ; which proves 
that the principle taken up by the water is very fugaceous, 
and fo light that it does not conftitute any fenlible part oi 
the weight. Water which has remained for a certain time 
over mercury contracts a very evident metallic tafte, 

1. The fulphuric acid does not ail upon mercury unlefs 
affifted by heat. In this cafe, fulphureous gas is difengaged.; 
and a while powder falls down, the quantity of which be- 
comes greater in proportion as the acid is decompofed, 
This oxide weighs one third more than the mercury made 
ufe of. It is cauftic : if hot water be poured on it, h 
becomes yellow ; and if it bs urged by a violent heat, it 
affords oxigenous gas, and the mercury refumes its natural 
form. This yellow oxide, obtained by means of the ful- 
phuric acid, is known by the name of Turbith Mineral. It 
has long been confidered as a fulphate of mercury. Mr. 
Baume has proved that it does not contain a particle of 
acid ; and it appears that the water which develops its yel- 
low colour, feizes the fmall quantity of undecompofed acid 
which was mixed with the oxide. If the water which has 
been poured on it be evaporated, a fait is obtained in fmall, 
foft, and deliquefcent needles, which may be deprived of 
their acid by the fimple affufion of water. This fluid pre- 
cipitates the mercury from them in the form of turbith. 

2. The nitric acid of commerce, at the ftrength of thirty- 
five degrees, diflblves mercury with violence, even without 
the afliflance of heat. This folution is accompanied with 
the difengagement of a confiderable quantity of nitrous 
gas ; becaufe it is neceflfary that the acid mould reduce the 
metal to the ftate of oxide before it can aft upon it. One 
part of the acid is confequently employed in difpofing the 
metal for folution , and the other diflblves it in proportion 
as it is oxided. This is what happens when the fulphuric 
acid is digefted upon a metal ; one portion is decompofed, 
and reduces the metal into an oxide, while the other dif- 
lblves it. 

The manner of effecting the folution of mercury in the 
nitric acid, has an influence on the properties of themer- 
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curial nitrate. Bergmann has obferved that the folution 
which is made flowly and quietly, without difengagement 
of nitrous gas, affords no precipitate on the addition of 
water ; whereas that which is made by the afMance of heat, 
and with lofs of nitrous gas, affords a precipitate. It 
appears that the nitric acid, affifted by heat, is capable of 
becoming loaded with an excels of mercurial oxide, which 
it lets fall when diluted with water. 

The method of performing the folution, and the procefs 
made ufe of to cryftaliize it has an equal influence upon the 
form of the cryflals. i. The folution made in the cold, and 
left to fpontaneous evaporation, affords cryftals which 
appeared to Mr. De Lifle to be octahedral pyramids, trun- 
cated near their bafe, and having the four angles refulting 
from the junction of the bafes of their pyramids likewife 
truncated. 2. If the fame folution be evaporated, long and 
acute blades are obtained, laying one upon the other, and 
flriated obliquely acrofs. 3. The folution of mercury 
effected by heat, affords flat and acute needles, flriated 
lengthways. 

The nitrate of mercury is corrofive ; it detonates upon 
coals when it is very dr^-, and emits a whitifh flame of 
confiderable brilliancy. 

The mercurial nitrate, heated in a crucible, is fufed, 
and emits a confiderable quantity of nitrous gas together 
with its water of cryflallization. The remaining oxide 
becomes yellow ; and at length affumes a lively red colour, 
and forms the fubflance called Red Precipitate. In order 
to make a very fine red precipitate, the mercurial folution 
mult be put into a retort, and deflilled until no more vapours 
come over. An additional quantity of nitric acid muft 
then be poured on the remainder, and likewife diftilled 
off. After three or four repeated diltillations, a very 
beautiful precipitate is obtained in fmall cryftals of a very 
i'uperb red colour. 

The folution of mercurial nitrate forms mercurial water. 
It is of ufe to afcertainthe prefence offulphuric and mu- 
riatic falts in mineral waters. 

The acids, the alkalis, the earths, and fome of the metals, 
likewife precipitate mercury from its folution in the nitric 
acid. Thefe precipitates always confifl of the oxides of 
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mercury in a greater or lefs degree of perfection, according 
to which c ire um fiances their colour is fubject to variation. 
On this head, Lemery, Baume, &x. may be confulted. 

Mr. Bayen has difeovered that fome of thefe precipitates 
poffefs the property of fulminating, when mixed with a 
imall quantity of fublimed fulphur. This chemiit has 
pointed out three — 1. The precipitate of mercury from its 
iblution in the nitric acid by the affiftance of the carbonate 
of ammoniac. 2. The precipitate of the fame fluid by lime- 
water. 3. The precipitate of the folution of corrofive fubli- 
mate by lime-water. Half a gros is to be triturated with 
fix grains of fublimed fulphur. After the detonation, a vi- 
olet coloured powder remains, which affords a fine cinnabar 
by fublimation. 

3. The muriatic acid does not fenfibly act upon mercury; 
but if it be digefled for a long time upon the metal, it ox- 
ides it, and at length diflblves the oxide, as may be concluded 
from the experiments of Homberg, inferted in the volume 
of the Academy of Sciences for the year 1700. 

The muriatic acid completely diffolves the mercurial ox- 
ides. When thefe oxides are nearly in the metallic ftate, 
or charged with a fmall quantity of oxigene, the muriate of 
mercury is formed. When, on the contrary, the oxide of 
mercury is faturated with oxigene, the oxigenated muriate 
of mercury, or corrofive fublimate of mercury, is formed. 

Corrofive fublimate may be formed according to two me- 
thods ; in the dry way, or in the humid way. 

To make this fait in the dry way, the operator may pro- 
ceed in various manners. 

1. Equal parts of dried nitrate of mercury, decrepitated 
muriate of foda, and fulphate of iron calcined to whitenefs, 
are mixed together. This mixture being expofed to fubli- 
mation, the product which arifes is corrofive fublimate. 

2. Running mercury is ufed in Holland inllead of the ni- 
trate of mercury ; and the fame refults may be obtained by 
ufing any oxide of mercury whatever. 

3. Equal parts of the fulphure of mercury, and the decre- 
pitated muriate of foda, afford the fame fait by fublima- 
tion. This procefs of Kunckel has been revived by Boulduc. 

4. Mr. Monet allures us that he obtained corrofive fub- 
limate by treating the dry muriate of foda, and a mercurial 
oxide, in the way of diftillation in a retort. 
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If mercury be diffolved in the oxigenated muriatic ac 
the folution, when concentrated, affords very fine corrofive 

fublimate. It may likewife be obtained by precipitating the 
mercury from mercurial water by the fame acid, and evapo- 
rating the folution. 

I have obtained very fine fublimate by prefenting a mer- 
curial oxide, fufficiently loaded with oxigene, to the ordi- 
nary muriatic acid. One pound of muriatic acid, at the 
ftrength of twenty-live degrees, poured upon one pound of 
red oxide by the nitric acid, diicolours it, in a lliort time 
diilblves it with a violent heat ; and this folution, diluted 
with water, and properly evaporated, affords from twelve to 
fourteen ounces of crystals of corrofive fublimate. 

The corrofive muriate of mercury has a ftyptic tafle, 
followed by an exceedingly difagreer.ble metallic tafte. When 
placed on hot coals, it is diffipated in fumes ; when flowly 
heated in fubliming veflels, itrifes in prifmatic cryftals, fo 
much flattened, that their faces are fcarcely diftinguiihable. 
The affemblage of thefe has induced authors to compare them 
to fword blades lying acrofs each other. 

This fait is foluble in nineteen parts of water ; and when 
the folution is concentrated, it affords cryftals fimilar to thofc 
obtained by fublimation. 

Barytes, magnefia, and lime decompofe this fait. Half 
a gros of corrofive fublimate in powder, thrown into a pint 
of lime-water, forms a yellow precipitate. This fluid is 
known by the name of Phagedenic Water. 

Fixed alkali precipitates the mercury in an orange-colour- 
ed oxide ; and volatile alkali in the form of a white-powder, 
which becomes brown in a fliort time. 

The fame muriatic acid, combined with a lefs perfect 
oxide of mercury, forms the mild muriate of mercury, or 
mercurius dulcis. This combination may likewife be made 
by two methods ; by the dry, or the humid way. 

i. In the dry way, four parts of corrofive muriate of 
mercury are triturated in a mortar with three of running 
mercury. When the mercury has difappearcd, the mix- 
ture is put into phials, and fublimed three fucceflive times, 
in order that the combination may be more accurate. This 
fublimate differs from corrofive fublimate by its infolubility 
in water, its infipidity, and the form of its cryftals, which 



Mercurius Dulcis. 399 

are tetrahedral pyramids, terminated by four-fided pyramids. 
To obtain this regular form, it is neceflary that the fublima- 
tion mould be made at a moderate heat ; for, if the heat be 
iufficient to liquefy the Fait, the remit is merely a craft, with 
no appearance of cryftals. As the trituration of corrofive 
fublimate is dangerous, on account of the powder which rifes, 
Mr. Baume pours a fmall quantitv of water upon the mix- 
ture. This liquid accelerates the trituration, and prevents 
the riling of the deitruclive powder. 

Mr, Bailleau has propofed the incorporating of corrofive 
fublimate with water, and triturating it with running mer- 
cury. The combination is completed by digefting the mix- 
ture on a fand bath by a gentle heat. The matter becomes 
white, and requires only a finple fublimation. Whenever 
it is fufpected that mercurius dulcis ftill retains a portion of 
corrofive fublimate, nothing more is neceflary to be done 
than to triturate it, and pour boiling water upon it ; for by 
this means the whole of the foluble fait which may have re- 
mained, is carried off 

Mr. Baume has proved that there is no intermediate fiate 
between mercurius dulcis and corrofive fublimate. If lefs 
mercury be added to the fublimate, a proportional quantity 
of mercurius dulcis only fublimes, and the reft rifes in the 
form of corrofive fublimate ; if a greater quantity of mercury- 
be added than is neceflary to convert the whole into mercu- 
rius dulcis the excefs remains in the form of running mercury. 

The fame chemiit has likewife proved, that a portion' of 
the mercury is always loft at each fublimation ; and that a 
fmall quantity of corrofive fublimate is formed, which arifes 
from the alteration of the mercury. Hence it follows that 
the mercurial panacea, which is made by fubliming mercu- 
rius dulcis eight or nine times, is a more fufpicious remedy 
than the mercurius dulcis itfelf. 

2. Mercurius dulcis may likewife be made by decompofing 
mercurial water by a folution of the muriate of foda. The 
white precipitate which is obtained may be fublimed, and 
forms an excellent mercurius dulcis. I communicated this 
procefs to the Society of Sciences at Montpellier two years 
before Mr. Scheele made it known. 

The corrofive muriate of mercury differs therefore from 
the mild muriate by the Hate of its acid. 

3 l 
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The mercurial oxides are equally foluble in the other acids. 

3. A folution of borax, mixed with mercurial water, 
forms a very abundant yellow precipitate, which is nothing 
elfe but the combination of the acid of borax and mercury. 
A fmall quantity of this fait remains in folution, which may 
be obtained in brilliant cryftals by evaporation. 

4. The acetous acid likewifc diflblves the oxide of mercu- 
ry, and affords white foliated cryllals. 

Mercury precipitated from a folution of the acetate of 
mercury, combines with the acidulous tartrite of pot-afh, and 
forms vegeto-mercurial water of Prelfavin. 

The acetate of mercury is the bafis of Keyfer's pills. 

5. Mercury, artificially mixed with fulphur, forms the 
red or black fulphures, known, on account of their colour, 
by the names of ytthiops or Cinnabar. 

To form the aethiops, or black oxide of mercury, three 
methods may be followed. 

1. Four ounces of mercury may be triturated with twelve 
ounces of fublimed fulphur in a glafs mortar. The refult is 
a black powder, called Athiops Mineral. 

2. Four ounces of fulphur may be fufed in a crucible, 
and one ounce of mercury extinguifhed in it. The mix- 
ture readily takes fire, but the inflammation is to be pre- 
vented; and the blackifh refidue, being pounded, affords a 
greenifh powder, which is a true aethiops. 

3. The sethiops may be made by pouring the fulphure of 
pot-afh upon mercurial water. 

Thefe sethiops afford by fublimations cinnabar, or the red 
fulphurated oxide. But in order to make it with a greater 
degree of accuracy, four ounces of fublimed fulphur are fufed 
in an unglazed earthen pot, and one pound of mercury mix- 
ed with it by ilirring or agitation. When thefe fubllances 
have combined to a certain degree, the mixture fpontane- 
oufly takes fire, and is fuffered to burn about a minute. The 
flame is then fmothered, and the refidue pulverized, which 
forms a violet powder, ufually weighing about feventeen 
ounces five gros. This powder being fublimed, affords a 
fublimate of a livid red colour ; which, when pounded, ex- 
hibits a fine red colour, known by the name of Vermilion. 

Three parts of cinnabar, mixed with two ounces ol iron 
filings, afford very pure mercury by dillillation, which is 
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called mercury revived from cinnabar. Lime, the alkalis, 
and molt of die metals, may be fubftituted inftead of the iron. 

Mercury amalgamates, with moil other metals. On this 
property is founded the art of water-gilding, or gilding upon 
metals, the tinning of glaffes, the working of gold and 
filver mines, &c. 

Mercury is ilkewife ufed in the conftru&ion of meteorolo- 
gical inftruments, in which it poflefles the advantage over 
other fluids — 1. That it does not eafily freeze. 2. It is 
more eafily and gradually dilatable, according to the fine 
experiments of Meffrs. Bouquet and Lavoifier. 3. It is very 
nearly of the fame quality in different fpecimens. 

Mercury may be ufed in fubftance as a remedy againft the 
volvulus, andit has never been obferved to produce bad effects. 
It is mixed with fat, to form unguents very much ufed in 
venereal cafes. Thefe are prepared with one-third or half 
theirweight of mercury,accordingtotheexigence of the cafe. 

The mercurial water is ufed as an efcharotic. 

The red oxides anfwer the fame purpofe. 

The mild mercurial muriate is ufed as a purgative. It 
enters into the compofition of pills which are ufed in venereal 
cafes, with the intention of carrying off the morbific mat- 
ter by the fkin. 

The corrofive muriate of mercury is of very extenfive ufe, 
more efpecially againfl venereal diforders. This remedy 
requires fkill and prudence ; but I have received it as the 
common opinion of all phyficians of reputation, that it is the 
moll: powerful and certain remedy polfeffed by the art of 
medicine. In a large dofe it irritates the fyftem, affects the 
ftomach, occafions fpafms in the lower belly, and leaves 
impreffions which are difficult to be eradicated. 

Cinnabar is ufed in fumigations, to deftroy certain infects 
which attach themfelves to the fkin. It is likewife ufed as 
a pigment. 



s. 



CHAPTER XIII. 

Concerning Sifoer. 



IILVER is a metal of a white colour, poffefling 
neither fmell nor tafte, nearly unalterable by fire, very duc- 
tile and tenacious. A cubic foot of this metal caft weighs 
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feven hundred and twelve pounds ; the fpecific gravity vi 
caff, filver is 10,1752. See Briffon. — It is found in the earth 
in five different ftates, which we fhall proceed to confider. 

1. Virgin or native filver. — Native filver is found in 
various forms. 1. In ramifications compofed of octahedrons 
inferted one in the other. This variety is known by mod 
mlneralogift sunder the name of Virgin Silver in Vegetation. 
Four proceffes, indicated by Mr. Sage, are known for the 
crystallization of filver : amalgamation, reduction by phof- 
]. horns, reduction by copper, and fulion. 

A detail of thefe four procefles may be feen in his Analyfe 
Chimique, book iii. p. 238, et feq. 

Native filver is likewife found in fmall capillary, flexible, 
and intertwined threads. The decompohtion of the red or 
vitreous filver gives rife to this fpecies ; it may even be 
produced by a flow calcination of one of thefe ores. 

Silver is likewife found in irregular forms ; either in fmall 
plates difperfed in the gangues, or in mafles. Albinus 
reports, in the Chronicle of the Mines of Mifnia, that in the 
year 1478 a lump of native filver was found at Schneeburg. 
weighing four hundred quintals. Duke Albert of Saxony 
defcended into the mine to fee this furprifing mafs of filver, 
and had dinner ferved up upon it. 

2. The vitreous filver ore, or filver mineralized by fulphur. 
— This ore is of a grey colour, and may be cut like lead. 
It cryftallizes in octahedrons, or in truncated cubes, and is 
moft frequently found of an indeterminate figure. The 
fulphur may be extracted by heat. It affords about fixteen 
pounds in the quintal. 

When the fulphur is contained in a greater proportion 
in this ore, it becomes black, porous, and friable. 

3. Red filver ore : filver mineralized by fulphur and arfenic. 
— This fpecies cryftallizes in hexahedral pyramids, termi- 
nating in an obtufe trihedral pyramid, with rhombic faces. 
It is frequently found in irregular maffes of no determinate 
figure. It poffeffes the colour and tranfparency of the ruby. 

Mr. Sage has obtained from this ore, by difiillation, 

water, carbonic acid, and the fulphurated yellow and red 

oxides of arfenic. If this ore be calcined in a teft, and the 

mineralizer be fullered to exhale, the refidue is found to 

■b- in the metallic ftate, exhibiting contorted threads of 
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filver at its furface. Part of the filver paffes to the ftate 
of grey oxide in this operation. 

4. White antimonial filver ore : filver and antimony mi- 
neralized by fulphur. — This ore is as white as filver ; it is 
brittle, and of a granulated fracture. Sometimes it is found 
in hexahedral prifms, truncated and flat at each end : this 
kind is found in the principality of Furftenburg. When 
expofed to heat, it becomes as fluid as water, emits antimony 
and fulphur, and leaves the filver behind, together with an 
oxide of antimony. This femi-metal is cleared oft' by fufion, 
aflifted by proper fluxes, and cupellation. 

5. The corneous ore of filver, or muriate of filver. — This 
fpecies is of a dirty yellow grey : it is foft, and may be eafily 
broken or cut. A gentle heat caufes it to flow ; it fublimes 
without decompofition,is mo ft frequently found of no regular 
form, but fometimes cryftailized in cubes. The muriatic 
acid is its mineralizer. Mr. Woulfe has fhewn that it like- 
wife contains a fmall quantity of fulphuric acid. 

6. Silver is alio very frequently alloyed with various 
metals, fuch as lead, copper, bifmuth, cobalt ; and thefe 
ores are fometimes wrought on account of the quantity of 
filver they contain. 

The manner of working a filver ore varies according to 
its nature ; but all the procefles ufed in various countries 
may be reduced to the following : 

1. In Peru and Mexico the mineral is pounded, roafted 
warned, and afterwards triturated with mercury in copper 
boilers filled with water kept at the boiling heat. The whole 
is agitated by means of a kind of mill. The amalgam is 
afterwards expreffed in a fkin ; then heated, to drive off* 
the remaining mercury ; after which procefs the filver re- 
mains alone. 

This method is defective — 1. Becaufe the lire volatilizes 
a portion of the muriate of filver which abounds in thefe 
ores. 2. The wafhings carry with them a portion of the 
oxide of filver. 3. The mercury does not amalgamate either 
with the muriates of filver, or the fulphates of that metal. 

2. When filver ores, mineralized by fulphur or arfenic, 
are to be wrought, they are roafted, pounded, warned, and 
fufed with lead. This metal feizes all the filver, from 
which it is again feparated by cupellation. 
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3. When the filver ore is poor, it is fufod with cupreous 
pyrites, and the mixture treated in the way of liquation.— 
See the article Lead. 

To determine the degree of purity of the filver, a given 
weight of filver is fuppofed to be compofed of twelve parts, 
called pennyweights ; each pennyweight is divided into 
twenty four grains. Silver, clear of all mixture, is faid to 
be twelve pennyweights fine. 

In order to affay filver, and to afcertain its degree of fine- 
nefs, the regulation of the Court of Monies of France pre- 
fcribes, that thirty-fix grains of filver be taken, and wrap- 
ped in a plate of lead containing no fine metal, and then 
expofed to cupellation. From the lofs which the button of 
filver that remains on the cupel has fufTered, a judgment is 
made of the quantity of alloy. If the lofs be one-twelfth of 
the whole, the filver is faid to be eleven pennyweights fine. 
The details relating to this operation may be feen in VArt 
d'essayer I 1 Or et V Argent, par M. Sage. 

Silver may be rendered hard by mixing it with copper ; 
and for this reafon it is alloyed with that metal for filver. 
fmiths work, as well as for the coinage. The law permits 
one-twelfth of alloy in filver money* ; and it is this portion 
of copper which renders the folution of filver coin in the 
nitric acid blue. 

Silver is not changed by the contact of air. A confider- 
able heat is required to fufe it ; but it may be volatilized by 
ftrong fire without alteration, as is proved by the capital 
experiments of the Academicians of Paris, made in the focus 
of the lens of Mr. Trudaine. This metal emits a thick fume, 
which whitens plates of gold expofed immediately over it. 

Junker converted filver into glafs, by treating it in a way 
of reverberation, after the manner of Ifaacus Hollandus, in 
a very ftrong fire. 

Macquer,by expofing filver twenty times fucceffively to 
the porcelain furnace of Seves, obtained glafs of an olive 
green colour. It was likewife obferved that this metal, when 
expofed to the focus of a burning mirror, prefented a white 
pulverulent matter on its furface, and a greenifh vitreous 
covering on the fupport upon which it was placed. 

* The Britifh coinage is 11 ounces 2 pennyweights fine. T. 
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Though thefe experiments clearly prove that filver is ca- 
pable of combining with oxigene, the difficulty which is 
found in effecting this combination, and the facility with 
which this air is difengaged from the oxides of filver, prove 
that there is but little affinity between thefe two fubftances. 

If filver in a flate of extreme divifion be prefented to the 
concentrated and boiling fulphuric acid, fulphureous gas is 
difengaged : the filver is reduced into a white matter, which 
is a true oxide of filver ; and contains a fmall quantity of 
fulphate, which may be obtained in fmall needles, or in 
plates formed by the union of thefe needles lengthways, as 
Mr. De Fourcroy has obferved. This fait flows by heat, and 
is very fixed. If filver be precipitated by metals or alkalis, 
thefe precipitates are reducible without addition. 

The nitric aciddiffolves filver with rapidity: much nitrous 
gas is difengaged. The iblution is at firfl blue : but this 
colour difappears when the filver is pure ; and degenerates 
into a green colour, if it be alloyed with copper. The nitric 
acid is capable of diffolving more than halt its weight of fil- 
ver. The folution then lets fall cryilals in hexagonal, 
triangular, or fquare plates, which are called Nitrate of 
Silver, Lunar Cryilals, Lunar Nitre, &c. 

The folution of thele cryilals, generally known by the 
name of Solution of Silver, is very cauflic. It colours the 
fkin black, burns the epidermis, and lb completely deflroys 
its organization, tmit the fpot difappears only by the 
renewing of the fkin. 

The nitrate of filver melts on burning coals ; but if it be 
expofed to a gentle heat, in earthen or metallic veffels, it 
liquefies, and may then be cafl in moulds. This fufed nitrate 
of filver forms the lapis infernalis. Care mull be taken to 
pour it out as foon as it is fufed ; becaufe otherwife the acid 
would be difengaged, the filver would be revived, and the 
lapis infernalis, or lunar cauflic, would lofe its virtue. 

Lapis infernalis, made with pure filver, and prepared as 
above defcribed, is whitifh ; whereas it is blackifh when 
fuffered to remain in fufion for any time. 

Lapis infernalis is very frequently mixed with nitrate o[ 
copper. This fraud is reprehenfible, becaufe it is an alloy 
which renders wounds of a bad character, 



406 Habitudes of Silver. 

The lapis infernalis is ufed as an efcharotic, and to fcor- 
rode fungous excrefcences. 

Silver may be precipitated from its folution by lime-water, 
alkalis, and feveral metals. Thefe lad exhibit very impor- 
tant phenomena. 

i. A plate of copper, immerfed in a folution of filver 
diluted in water, precipitates the metal. It adheres at the 
moment of precipitation to the furface of the copper, where 
it forms a kind of mofs. In proportion as the filver is pre- 
cipitated, the water aiTumes a blue tinge ; which proves 
that the copper is dilfolved in the nitric acid, in the room of 
the filver. When the whole of the filver is difengaged, the 
water is to be decanted, the filver dried, and fufed in cruci- 
bles, to be call into ingots. This filver almoit always re- 
tains a fmall quantity of copper ; of which it may be depriv- 
ed by cupellation with lead, which renders the filver pure ; 
this procefs is ufed in the mints, where the parting operation 
of gold from filver is performed. The firft Hep confills in fe- 
parating the filver by means of nitric acid ; and this is af- 
terwards precipitated by the addition of copper. 

2. The filver is likewife precipitated by mercury. In 
this operation it amalgamates with a fmall quantity of the 
mercury, and forms tetrahedral cryflals terminated by a 
tetrahedral pyramid, which cryflals are articulated into each 
other. This arrangement gives them the form of a vegetation ; 
and has caufed the precipitate to be known by the name of 
the tree of Diana, Arbor Diana. Lemery, Homberg, 
and other chemifls, have fuccefhvely publiflied procefles to 
produce this phenomenon ; but that which has iucceeded 
belt in my hands, is defcribed by Mr. Baume. Six gros of 
the folution of filver, and four of that of mercury, both well 
ikurated, are taken, and diluted with five ounces of diftilled 
water. Thefe are to be put into a conical veffel ; and an 
amalgam of feven parts of mercury, and one of filver, is to 
be poured in. A multitude of fmall cryflals inflantly appear 
to difengage themfelves from the furface of the amalgam, 
upon which new ones articulate themfelves ; and a vegeta- 
tion is produced, which perceptibly rifes under the eye of 
the fpectator. To render this phenomenon more ftriking^I 
decant the exhaufied water, and fubflitute frefh; by this 
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means I can fill any vefiel whatever with thefe vegetations. 
The mercury amalgamated with thefilver, in this operation, 
may be feparated by means of fire. 

The muriatic add does not diflblve filver, but it fpeedily 
difiblves its oxides. The oxigenated muriatic acid difiblves 
filver. 

To produce a certain and fpeedy combination of the 
muriatic acid with filver, this acid is to be poured into a folu- 
tion of the nitrate of filver. A precipitate immediately falls 
down, which is known by the name of Luna Cornea. This 
muriate of filver is very funble ; and runs into a grey and 
tranfparent fubflance, confiderably refembling horn. If a 
llronger degree of heat be applied, it is decompofed, part 
is volatilized, and the other part reduced into filver. 

The muriate of filver, expofed to the light of the fun, 
becomes brown in a fhort time. Oxigenous gas is difen- 
gaged ; which may be collected by placing it under water, 
according to the procefs of Mr. Berthollet. Moll of the folu- 
tions of the metals have the fame property. Lunar nitre like- 
wife becomes coloured, and emits its oxigene and nitrous gas. 

One pound of boiling water does not diffolve more than 
three or four grains of muriate of filver, according to the 
obfervation of Mr. Monet. The alkalis are capable of 
decompofing the muriate of filver, and feparating the metal. 
The filver may be difengaged from its muriate by fufion 
With three parts of black flux. 

Mr. Berthollet has taught us the following procefs, to 
form the moft dreadful and the molt aftoniming fulminating 
powder we have yet been acquainted with. Take fine filver 
of cupellation ; diflblve it in nitric acid ; precipitate this 
folution by lime-water ; decant the water, and expofe the 
oxide for three days to the air. Mr. Berthollet is of opinion 
that the prefence of light has fome influence in the fuccefs 
of this experiment. 

Mix this dried oxide in ammoniac, or volatile alkali, and 
it will afiume the form of a black powder ; decant the fluid, 
and leave the powder to dry in the open air. This is the 
fulminating filver. 

Gunpowder, and even fulminating gold itfelf, cannot be 
compared with this new product. The contact of fire is 
necefiary to caufe gunpowder to detonate ; and a'determi- 
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nate degree of heat is required to caufe fulminating gold to 
fulminate : but the contact of a cold body is fufficient to pro- 
duce the detonation of fulminating filver. In a word, this 
product once obtained, can no longer be touched : no 
attempts mull be made to inclofe it in a bottle, but it mull be 
left in the capfule wherein the evaporation was performed. 

It is uielefs to obferve, that the fulmination ought not to 
be attempted but with fmall quantities ; the weight of a 
grain, for example : for a larger mafs would give rife to a 
dangerous detonation. The necefiky of making this prepa- 
ration with the face covered with a mail; with glafs-eyes, 
may be eafily conceived. It is prudent to dry the fulmina- 
ting filver in fmall metallic capfules. 

The following experiment will complete the notion which 
ought to be formed of the fulminating property of this 
preparation. 

Take the ammoniac which was ufed in the converfion of 
the oxide of filver into the black precipitate which forms 
fulminating filver : put this ammoniac into a fmall mattrafs 
of thin glafs, and let it be fubjecled to the degree of ebul- 
lition necelfary to complete the combination. Take the 
mattrafs from the fire j and a rough covering of cryflals 
will be formed on its internal furface which is beneath the 
fluid. If one of thefe cryftals beneath the cold fluid be 
touched, an explofion takes place which breaks the mattrafs. 

The procefs for obtaining fulminating filver being defcri- 
bed, its effects known, and the cautions neceflary for repeat- 
ing the experiment being well afcertained, we fhall fpeak a 
word concerning the theory of the phenomenon : it is the 
fame as that of fulminating gold, laid down by Mr. Berthol- 
let. — See the Memoirs of the Royal Academy of Sciences, 
for the year 1785. 

In this operation, the oxigene, which adheres very flightly 
to the filver, combines with the hydrogene of the ammoniac. 
From the combination of the oxigene and the hydrogene, 
water in the Hate of vapour is produced. This water, 
inftantly vaporized, and pofTefling all the elallicity and ex- 
panfive force of that ftate, is the principal caufe of the phe- 
nomenon ; in which the nitrogene, which is difengaged from 
the ammoniac, with its whole expanfibility, like wife bears a 
principal part. 
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After the fulmination, the filver is found reduced or revi- 
vified ; that is to fay, it has refumed its metallic Hate. It 
again becomes the fame white, brilliant, and pure metal 
which it was when taken out of the cupel. 

The principal ufe of filver is in coinage, as the reprefen- 
tative fign of the value of other commodities. 

Its metallic brilliancy has caufed it to be adopted as an 
ornament ; its hardnefs and unchangeablenefs in the air, 
render it very valuable. 

It is alloyed with copper, to form folder ; whence it hap- 
pens that filver utenfils are fubject to rult and verdigris, at 
the places where they are foldered. 



CHAPTER XIV. 
Concerning Gold. 



G. 



'OLD is the moft perfect, the moll ductile, 
the moft tenacious, and the moft unchangeable, of all the 
known metals. A cubic foot of pure gold, call and not ham- 
mered, weighs 1348 pounds; and its fpecific gravity is 
19,2581. — See BrifFon. 

Gold has neither fmell nor tafte ; its colour is yellow, and 
this varies, according to the purity of the metal. 

1, As Gold is fubject to very little alteration, it is almoft 
always found in the native ftate ; and under this form it 
exhibits the following varieties : — 1. It is found in octahe- 
drons in the Gold mines of Boitza in Tranfylvania. Thefe 
octahedrons are fometimes truncated in fuch a manner as to 
have the appearance of hexagonal plates. This native gold 
is alloyed with a fmali quantity of filver ; which, according 
to Mr. Sage, gives it a pale yellow colour. It has likewife 
been found cryftallized in tetrahedral prifms, terminated by 
four-fided pyramids. The amalgam made wi.th certain pre- 
cautions is likewife capable of caufing gold to affume a form 
nearly fimilar, according to Mr. Sage ; and gold reduced by 
phofphorus fometimes exhibits octahedral cryftals. 

Gold likewife cryftallizes by fufion. MefTrs, Tillet and 
Mongez obtained it in fhort quadrangular pyramids. 
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i. Native gold fometimes exhibits fibres or filaments of 
various lengths; it is likewife found in plates diffeminated 
on a gangue. The gold ore of Lagardet, a few leagues dif- 
tant from Alemont in Dauphiny, is of this kind. 3. Gold 
is likewife found fometimes in fmall plates or fpangles, dif- 
perfed in fand or earths : under this form it is found in the 
auriferous rivers, fuch as the Ariege, the Ceze, the Gardon, 
the Rhone. Thefe fmall plates are fometimes one line in 
diameter, but molt commonly too fmall to be feen by the na- 
ked eye. 4. Gold is fometimes found in irregular mafles ; 
in which inftance it is known by the name of Gold Dull. 
Very large pieces of this kind are found in Mexico and Peru. 

3. Gold is fometimes mineralized by i'ulphur, by the 
means of fire. The auriferous pyrites arc frequently found 
in Peru, Siberia, Sweden, Hungary, &c. To afcertain whe- 
ther a pyrites contains gold or not, it mud be pounded, and 
nitric acid poured upon it until it takes nothing more up. 
This folution mull then be diluted with much water. The 
lighted infoluble parts may be carried off by warnings ; and 
the refidue, upon examination, will mew whether it con- 
tains gold or not. 

When the martial pyrites isdecompofed, the gold is always 
difengaged ; and it is probable that the fmall plates of gold 
in the auriferous rivers, are afforded by a decompofition of 
this kind. 

Gold is fometimes mineralized by fulphur, with the aflif- 
tance of zinc, as in the gold mine of Nagyag. This ore 
likewife contains lead, antimony, copper, filver, and gold. 

4. Mr. Sage has given a defcription and analyfis of an 
arfenical ore of gold. 

5. Gold likewife exifts naturally in vegetables. Becher 
obtained it. Henckel affirmed that they contain it ; and Mr, 
Sage has refumed this enquiry, and found it according to 
the following table, which expreffes the quantities of gold 
obtained from the quintal of the feveral earths. 

Ounces. Gros. Grains. 

Rotted manure (terreau) o 1 56 

Earth of uncultivated ground > g 



(terre de Bruyere) 
Garden mould 
Mould of a kitchen garden 

manured with dung yearly ^2 3 4° 

for fixty years 



1 
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Thefe refults were at firfl: contefted ; but at prefent it 
appears to be generally agreed that gold is obtained, but in 
a lefs quantity. Mr. Berthollet obtained forty grains and 
eight twenty-fifths of gold in the quintal of allies. Meffrs. 
Rouelle, Darcet, and Deyeux likewife obtained it. 

It is therefore a phyfical faft, that gold exifts in vegetables. 

The method of working the ores of gold is nearly the 
fame as that ufed with filver ores. When the gold is in a 
native Hate, nothing more is required than to divide the ore 
by the pounding mill, and afterwards to wafli and amalga- 
mate it. If the ore be mineralized, it is torrefied, pounded, 
wafhed, fufed with lead, and afterwards cupelled. Eliqua- 
tion is likewife ufed for poor ores. 

Thofe perfons who explore the gold in fmall plates difie- 
minated in the fand of certain rivers, are known in France 
by the name of Orpailleurs, or Pailloteurs. The paillo- 
teurs of the river Uze, after having afcertained that the 
earth is fafficiently rich to be wrought, place a table of 
feveral feet in length, and about a foot and a half in width, 
on the banks of the river with ledges round three of its fides. 
Pieces of ftuffwith a long nap are nailed on to this board ; 
and the fand is thrown upon it, and warned, to carry away 
the lighter particles. When the ftuffis fufficiently charged 
with the fmall particles of gold, it is fhaken into a veifel, 
agitated with water to carry off the lighted fand, and after- 
wards amalgamated with mercury*. Mr. Ell has given us 
an ample account of the procefs ufed in working the gold ores 
in Spanim South America. A fufficient quantity of water is 
procured to warn them. A flream is made to carry off the 
earth, and every lighter fubftance. Negro Haves, difperfed 
on the banks, throw in frefh earth ; while others, Handing 
in the brook, work it about with their feet and hands. Care 
is taken to lay pieces of wood acrofs the current of the water, 
to retain the lighter particles of the metal. This work is 

* For a very full account of the treatment of auriferous fands, the fol- 
lowing works may be ccnfulted :— i. Tlae Memoir of Mr. Reaumur on the 
Auriferous Sands of France, printed among thofe of the Academy for 
the year 1718. 2. The Memoir of Mr. Guettaidon the Ariege, inferted 
in the volume for 1761. 3. The Memoir upon the Gold which is obtained 
from the Ariege in the county of Foix, by the Baron de Dietrich. In 
this laft work, the various procefles are difcuffed ; and this celebrated 
aaineralogift propofes others more ceconomkal and advantageous. 
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continued for a month, and even for years together. When 
it is propofed to terminate it, the water is turned off; and 
then, in prefence of the mafter, the workmen take up the 
fand with wooden veffels, in the form of mallow funnels, of 
one foot in diameter, at the bottom of which is an aperture 
of one inch in width. This difh is filled with fand ; and by a 
circular motion the lighter fubftances are caufed to flow off, 
while the heavier fettle to the bottom. The platina is after- 
wards feparated grain by grain, with the blade of a knife, 
upon a fmooth board. The reft is amalgamated, firft by 
working with the hands, and afterwards with a wooden pel- 
tie in mortars of guaiacum wood : after which the mercury 
is feparated from the gold by fire. 

The Baron de Born has reduced the method of working 
all the ores of filver and gold to one fingle procefs. The 
account which he has given of this procefs in his work, may- 
be reduced to the following operations : 

i. The mineral is pounded, divided, and fifted. 

2. It is properly roafted. 

3. It is mixed with muriate of foda, water, and mercury ; 
and agitation is ufed to facilitate the amalgamation, 

4. The mercury is exprefTed from the amalgam. 

5. The exprefTed mercury is expofed to diftillation. 

6. The filver is refined by the cupel. 

Thefe operations were firft executed at Schemnitz in 
Hungary, and afterwards at Joackimflal in Bohemia, in the 
prefence of the greatefl mineralogifls in Europe, fent thither 
by the various fovereigns of Europe. 

The muriate of foda is ufed to decompofc the fulphates 
produced by the calcinations. 

To determine the finenefs of gold with accuracy, the pu- 
reft is fuppofed to be twenty-four carats, and thefe carats 
are divided into thirty-fecond parts ; the carat is always re- 
prefented by a grain poids de marc. 

The law direfts the operations to be performed upon 
twenty-four grains of gold, tolerates twelve, and prohibits 
fix, on account of the difficulty of appreciating the divifions 
which refult from thefe fmall quantities. 

In the parting affay, very pure filver muft be made ufe 
of. This is mixed with the gold in the proportion of four 
to one, which has occafioned the name of Quartation to be 
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given to the procefs. Mr. Sage has found that two parts 
and a half of filver to one of gold form the mixture moft 
proper for making the cornet of allay. The two metals are 
wrapped up in a thin piece of lead four times the weight of 
the gold, and this mixture is put into the cupel when it is 
very hot. The refult of the cupellation is a button contain- 
ing fine gold and fine filver. This is flattened, lamellated, 
and rolled up into a fpiral ; put into a fmall mattrafs, and fix 
gros or drams of pure nitric acid, at thirty-two degrees of 
concentration, are poured on ir. As foon as the mattrafs is 
heated, the metal becomes brown, the filver is difTolved, 
and much red vapours are difengaged. At the end of fif- 
teen minutes the folution is decanted ; and an ounce of very 
pure acid, rather more concentrated, is poured on, to carry 
away the lafl portions of filver. This folution is decanted, 
after a digeflion of fifteen or twenty minutes ; at which 
period warm water is added, and the cornet is warned until 
the water comes offtaflelefs. It is then dried in a crucible, 
weighed, and the finenefs judged by the diminution of its 
weight. 

Schindlers and Schutler have maintained that gold always 
retains a fmall quantity of filver, which they have called 
the Interhalt, or Surplus. Mr. Sage found a fixty-fourth 
part of a grain in the bed conducted affay. 

In order to feparate the filver which is diffolved in the 
nitric acid, this folution is diluted with a confiderable quan- 
tity of water, and flat pieces of copper are plunged in it ; 
which precipitate the filver, as we have obferved in treating 
of the folution of filver. 

Gold, expofed to fire, becomes red-hot before it melts. 
When melted it fuffersno alteration.* Kunckel and Boyle 
kept it in a glafs-houfe furnace for feveral months without 
change. 

Homberg has neverthelefs obferved that this metal, 
expofed to the focus of the lens ofTfchirnaus, fmoked, was 
volatilized, and even vitrified in part. Mr. Macquer has 
verified this obfervation by the mirror of Mr. De Trudaine ; 
he obferved the gold fume, become volatilized, and covered 

* Gold when fufed by a Rrong heat, is of a beautiful green colon r 
during the fufion. 
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with a dull pellicle, which coaflituted a violet-coloured 
oxide towards the middle. 

Gold is not attached by the fulphurrc acid. 

The nitric acid appears to have a real action upon it. 
Brandt is the firit who announced the folution of gold by 
this acid. The experiments were made in the prefence of 
the King of Sweden, and verified by his Academy. MeilVs. 
Scheffer and Bergmann have confirmed the afiertion of 
Brandt ; and Mr. Sage afterwards publifhed a feries of expe- 
riments, on this fubjecl. I am convinced, from my own 
experiments, feveral times repeated, that the pureft nitric 
acid attacked gold in the cold, and difiblved a fixty-fourth 
part of a grain. When very pure nitric acid is boiled upon 
gold equally pure, the folution may be afcertained in three 
ways — i. By the diminution of the weight of the metal. 
2, By evaporation of the acid ; in which cafe a purple fpot 
remains at the bottom of the evaporatory veflel. 3. By the 
parting operation, by means of a plate of iilver put into the 
liquor. In this cafe black flocks are in a Jhort time difen- 
gaged, which confift of the gold itfelf. Thefe phenomena 
appear to announce a true folution ; and not a fimple divifion 
or fufpenfion, as was fuppofed. 

The quantity of gold diffolved appeared to me to vary 
according to the ftrength of the acid, the time of the ebulli- 
tion, and the thicknefs of the metallic body. 

The nitro-muriatic acid, and the oxigenated muriatic 
acid, are the true folvents of gold. Thefe acids attack it 
with greater energy in proportion as they are more concen- 
trated, and as the furface of the gold is larger. The folution 
may like wife be accelerated by heat. 

This folution has a yellow colour, is cauftic, and tinge? 
the fkin of a purple colour. Tf it be properly concentrated, 
it affords yellow cryftals, refembling topazes, which affect 
the form of truncated octahedrons. Thefe cryftals are a 
true muriate of gold, according to Meffrs. Bergmann, Sage, 
&c. If the folution of gold be diftilled, a red liquor is ob- 
tained, which confifts of the muriatic acid, coloured by a 
fmall quantity of gold which it has carried over. This fluid 
was diiiinguimed by the adepts under the name of Red Lion. 

Gold may be precipitated from its folution of feveral 
colours, according to the nature of the fubftances employed 
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to make the precipitation. Gold is precipitated by lime 
and magnefia in a yellow powder in which the gold exiffs 
nearly in the metallic ftate ; a flight degree of heat only be- 
ing neceflary to convert it to that ftate. 

The alkalis likewife precipitate gold in the form of a 
yellowiih powder ; and the precipitate is foluble in the furl- 
phuric, nitric, and muriatic acids. Thefe concentrated h- 
lutions fuffer the gold to precipitate ; cryftals have not been 
obtained from them. 

If ammoniac be poured on a yellowifh folution of gold, the 
colour difappears ; but, at the end of a certain time, fmall 
flocks are difengaged, which become more and more yel- 
low, and gradually fubfide to the bottom of the veffel. This 
precipitate, being dried in the fhade, is known by the name 
of Fulminating Gold ; a denomination which it has obtain- 
ed on account of its property of detonating, when gently 
heated. 

Ammoniac is abfolutely neceflary to produce this effect. 

The experiments of feveral chemifts have taught us — 

1. That, by gently heating fulminating gold in copper tubes, 
one extremity of which was plunged in the pneumato-che- 
mical apparatus by the afiiftance of a fyphon, alkaline gas is 
obtained, and the precipitate is deprived of its fulminating 
property : this fine experiment was made by Mr. Berthollet* 

2. Bergmann has obferved that, by expofing fulminating 
gold to a gentle heat, incapable of caufing it to fulminate, it 
becomes deprived of that property. 3, When the gold is 
made to fulminate, in tubes whofe extremities are inferted 
under a veiTel filled with mercury, the product is nitrogene 
gas, and fome drops of water. 4. By triturating fulmina- 
ting gold with oily fubftances, it is deprived of its property 
of fulminating. 

From thefe eftablifhed facts, it is evident that fulminating 
gold is a mixture of ammoniac and oxide of gold. When 
this mixture is heated, the oxigene is difengaged at the fame 
time with the hydrogene of the alkali. Thefe two gafes take 
fire by fimple heat, detonate, and produce water ; the nitro- 
gene gas then remaining alone. From thefe principles it 
ought to follow, that oily fubftances which combine with the 
oxigene, acids which feize the alkali, or a gentle and long- 
continued heat, which volatilizes the two principles without 

3N 
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inflaming them, ought to deprive this preparation of its pro- 
perty of fulminating. 

The nitrous fulphur which Mr. Baume fuppofed to be 
formed, in his explanation of this phenomenon, does not 
exift ; for the folution of the oxide of gold by the fulphuric 
acid, when precipitated by ammoniac, affords a fulminating 
precipitate. 

Gold is precipitated from its folution by feveral metals, 
fuch as lead, iron, filver, copper, bifmuth, mercury, zinc, 
and tin. This laft precipitates it inilantly in the form of a 
powder, dillinguifhed by the name of the Purple Powder 
of Caffius. This precipitate is much ufed in porcelain ma- 
nufactories. Some very good obfervations on this prepara- 
tion may be feen in the Dictionary of Macquer. 

Gold may likevvife be precipitated from its folution by 
ether : this liquor feizes the gold in a moment, and fome- 
times inftantly revivifies it. I have feen the gold form a 
ftratum at the furface of the liquor, and the two fluids no 
longer contained a particle. 

The fulphures of alkali diffolve gold completely. Nothing 
more is neceifary for this purpofe, than quickly to fufe a mix- 
ture of equal parts of fulphur and pot-aili with one-eighth of 
the total weight of the gold in leaves. This fubflance may 
then be poured out, pulverized, and difiolved in hot water. 
The folution has a yeilovvifli green colour. Stahl affirms 
that Moles difTolved the golden calf by a fimilar procefs ; and 
that, though the beverage muft have been of a difagreeable 
tafte, thiscircumftance was anadditional reafon for preferring 
the method, in order that the Ifraelites might longer retain 
their difguft for idolatry. 

Gold unites with moil of the metals. 

Arfenic renders it brittle, as well as bifmuth, nickel, and 
antimony. All thefe femi-metals render it white and eager. 

Gold unites very well with tin and lead. Thefe two 
metals deprive it all of its ducYility. 

Iron forms a very hard alloy with gold, which may be 
employed to much greater advantage than pure gold. 

Copper renders it more fufible, and communicates a red- 
dim colour to it. This alloy forms money, gold plate, andtoys. 

Silver renders it very pale. This alloy forms the green 
gold of goldfmiths. 
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Gold is employed in a variety of purpofes. It is entitled, 
by the firft rank which it holds among metals, to the moft 
noble ufes. 

As its colour is agreeable to the eye, and is not fubject to 
tarnifh, it is ufed in ornaments, or as toys ; for which pur- 
pofe it is wrought into a thoufand forms. 

For fome purpofes it is drawn into very fine wire, and ufed 
in embroidery. For other purpofes it is extended into leaves 
fo extremely thin, that the flighted: breath of wind carries 
them away : in this form it is applied upon wooden articles 
by means of fize. 

For other purpofes it is reduced into a very fine powder ; 
in which cafe it is called Ground Gold, Shell Gold, Gold 
in Rags, &c. 

The ground gold is prepared by levigating the clippings 
of gold leaf with honey, warning them with water, and 
drying the particles which fubfide. 

Shell gold confifts of ground gold mixed with a mucilagi- 
nous water. 

In order to make the gold in rags, pieces of linen are 
fteeped in a folution of gold, afterwards dried, and then 
burned. When it is required to ufe them, a wet cork is 
dipped in wood allies, and rubbed upon fuch articles of 
filver as are intended to be gilded. 

For fome purpofes it is amalgamated with mercury. 
This amalgam is applied upon copper, the furface being 
previoufly well cleared. It rauft be fpread very even, and 
the mercury driven off by heat. This forms the or moiihu 

A coating of gilders wax is laid over the gold thus applied. 
This is made with red bole, verdigris, alum, and fulphate 
of iron, incorporated and fufed with yellow wax. The piece 
is heated a fecond time, to burn off the wax. 

Gold was formerly ufed in medicine. This remedy was 
much in fafhion in the fifteenth century. Its goodnefs has at 
all times been proportioned to the dearnefs of the drug. 
Bernard de Paliffy exclaimed ftrongly againlt the apotheca- 
ries of his time, who demanded ducat gold from the fick to 
put into their medicines, under the pretence that the purer 
the gold the more fpeedy would be the reftaration of the 
health of the patient. 



41 8 Characters of At 'chemists , 

As this metal is highly valued, the rage of forming it 
conftituted a known fed, under the name of Alchemifls, 
which may be divided into two claffes. The one very igno- 
rant, frequently unprincipled, and moft commonly uniting 
both qualities, fuffered themfelves to be impoied on by certain 
phenomena, fuch as the increafe of weight of metals by 
calcination, the precipitation of one metal by another, and 
the yellow colour which fome bodies, and certain prepara- 
tions affect. They grounded their notions on certain vague 
principles concerning the formation of bodies, their common 
origin, their feeds, he. 

It is this feci which has caufed alchemy to be defined, ars 
sine arte, cujus principium est mentiri, medium labor are x 
tcrtium mendicare. Thefe alchemilis, after having been 
themfelves the dupes for a confulerable time, always endea- 
X'oured to impofe on others ; and there are a thoufanc! !ncks 
and impofitions related of this clafs of men, which deferves 
only to be defpifed and pitied. 

There is another clafs of alchemifls which do not defervc 
to be made the object of public derifion and contempt. Thi 
is formed of celebrated men, who, grounding their ideas < 1 1 
the received principles have directed their refearches towards 
this object. This clafs of men is valuable on account of 
their genius, probity, and conduct. They have formed a 
language, heldfcarcely any communication but with each 
other, and have at all times diftinguifhed themfelves by their 
auftere manners, and their lubmuTion to Providence. The 
celebrated Becher is a name which alone fuffices to render 
this feet refpeftable. The following paffage, extracted from 
Becher, exhibits an idea of their language, and manner of 
proceeding in this ftudy. 

"Fac ergo ex luna et fole mercurios, quos cum primo entc 
iulphuris prsecipita, praecipitatum philofophorum igne atte- 
nua, exalta, et cum fale boracis philofophorum liquefac et 
iige donee fine fumo fluat. Quas, licet breviter dicta fint, 
longo tamen labore acquiruntur et itinere, ex arenofo nam- 
que terreflri Arabico mari, in mare rubrum aqueum, et ex 
hoc in bituminofum ardens mare mortuum itinerandum eft, 
non fine fcopulorum et voraginum periculo, nos, Deo fint 
laudes, jam appulimus ad portum. Becher, Phyf. Sub. i. 
f. v. cap. iii. page 461. in 8vo. And elsewhere, " Conclude 
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enim, pro theft firmiffima, afinus eft qui contra alchymiam 
loquitur, fed ftultus et nebulo qui illam practice venalem ex- 
ponit." 

The enlightened alchemifts have enriched chemiftry with 
moll of the products which were known before the late revo- 
lution. Their knowledge and their indefatigable ardour put 
them in the fituation of profiting by all the interefting facts 
which offered themfelves. 

Clod forbid that I mould induce any perfon to enter into 
this path. I would ufe every effort to prevent any one from 
engaging in this refearch, fo full of disappointment, and fo 
dangerous to attach the mind to it. But I am of opinion 
that the alchemifts have been two lightly treated ; and that 
this feci, which on many accounts is worthy of commendation, 
has not received the efteem and gratitude it is entitled to. 

In addition to thefe reafons, I muft obferve that chemical 
phenomena become fo wonderful ; the torch of analyfis has 
enlightened us to fuch an extent : we now decompofe and 
reproduce fo many fubftances, which ten years ago were 
confidered with equal probability as indecompofable as gold 
is now thought to be ; that no chemift can take upon him 
to affirm that we may not arrive at the art of imitating na- 
ture in the formation of metals. 



CHAPTER XV. 
Concerning Platina. 



E were unacquainted with platina until the 
year 1748. It is to Don Antonio Ulloa, who accompanied 
the French Academicians in their famous voyage to Peru, 
to determine the figure of the earth, that we are indebted for 
our firft notions of this metal. 

Charles Wood, who had himfelf brought this metal from 
Jamaica, made experiments upon it, which are related in the 
Philofophical tranfacYions for the year 1749 and 1750. 

Since that time, all the chemifts in Europe procured this 
metal. Meffrs. Scheffer in Sweden, Lewis in England, 
^largraff in Pruffia, Macquer, Baume, De Buffon, Dc 
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Milly, De LHle, De Morveau, have fucceffively made 
refearches on this fubftance ; and we are indebted for great 
part of our prefent knowledge of this metal to the Baron de 
Sickengen. 

Platina has hitherto been found only in the metallic flate. 
Its form is that of fmall grains or flattened plates, of a livid 
white colour, intermediate between that of filver and iron : 
it is from this colour that it derived its name of Platina, or 
Little Silver. If the grains of platina be carefully examined, 
it is found that fome of them are rounded, and others angular. 

It has been found among the auriferous fands of South 
America, near the mountains of the diftritts of Novita and 
Cytara. Thefe two metals are almoft conftantly accompa- 
nied by a ferruginous land obedient to the magnet. The 
platina of commerce ufually contains a fmall quantitvof mer- 
cury, ariling from the amalgamation which the ore has un- 
dergone in extracting the gold. When it is required to have 
platina in a very pure flate, it muff, be expofed to heat, to 
drive cfF the mercury ; and magnetical parts, and the iron, 
mull be forted out with the magnet. Platina itfelf is flightly 
attracted by the magnet. M. L. affirms, in a Memoir read 
to the Academy of Sciences at Paris in the year 17B5, that 
the lighter pieces of Platina only are attracted by the magnet, 
and that they ceafe to be a£ted on when they exceed a cer- 
tain fize. The large!! piece of platina which has been feen, 
is of the fize of a pigeon's egg. It muff, be in the poffefTion 
of the Royal Society atBifca. 

M. L. affirms that platina is malleable in its natural ftate ; 
and he pafTed it through the flatting mill in the prefence of 
Mefirs. Tillet and Darcet. 

Platina undergoes no alteration by expofure to the air ; 
and fire alone does not even appear to poflefs the power of 
changing it. Meflrs. Macquer and Baume kept it feveral 
days in a glafs-houfe furnace, without its grains having ful- 
lered any other change than that they were flightly aggluti- 
nated. It has neverthelefs been afcertained that heat, kept 
up for a long time, tarnilhes its furface, and increafes its 
weight. Tvlargraff formerly made this obfervation. 

Platina expofed to the focus of the burning mirror of Mr. 
Trudaine, fumes and melts. This metal may be ham- 
mered like gold and lilver. It may likewife be fufed upon 
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charcoal, by the affiflance of oxigenous gas. This Jubilance 
refills the action of the acids, fuch as the fulphuric, the nitric, 
and the muriatic acids ; it is ibluble only in the oxigenated 
muriatic and the nitro-muriatic acids. One pound of the 
latter, digefted on an ounce of platina, firil affumes a yellow 
colour, then an orange colour, and laftly a very obfcure 
brown. This folution tinges animal fubltances brown; it 
fpontaneouily depofits fmall irregular fawn coloured cry Hals ; 
but if it be concentrated, larger cry Hals are obtained, 
fometimes of an octahedral form, as Bergmann has obfervech 
The muriate of plantina is fcarcely cauftic, though fnarp; it 
fufes in the fire, gives out its acid, and leaves an obfcure 
grey oxide. 

The fulphuric acid, poured on this folution, forms a pre- 
cipitate of a dark colour; the precipitate oceafioned by the 
muriatic acid, is yellowifh. 

The alkalis precipitate platina from its folution ; but, if it 
be gradually precipitated by pot-afh, the precipitate is dif- 
folved by the alkali in proportion as it is formed. 

A folution of the muriate of ammoniac, poured into a 
folution of platina, forms an orange-coloured precipitate, 
which is a true faline fubflance, totally ibluble in water. 
This precipitate has been fufed by Mr. De Lifle in a com- 
mon fire (of a furnace). The refult of the fufion is platina > 
ftill altered by fome portion of faline matter ; for it does not 
acquire ductility but by expofure to a much ilronger heat. 

The property which the muriate of ammoniac polfelfes of 
precipitating platina, affords a very fimple method of ascer- 
taining the mixture of this metal with gold : fo that the fear 
of this alloy, which had alarmed the Spanifti miniilry fo 
much as to occafion them to forbid its being wrought, does 
not at prefent exift, as we polfefs a fimple method of afcer- 
taining the fraud : and it is much to be wifhed that this very 
precious metal mould be rellored to the arts, to which it 
cannot but be very ufeful, by its brilliancy, its hardnefs, and 
its unchangeable nature. 

The procefs of Mr. De Lifle to fufe platina, was publifh- 
ed 1774. Mr. Achard publifhed a limpler method, nearly 
at the fame time : it confifts in taking two gros of platina, 
two gros of the white oxide of arfenic, two gros of the acidu- 
lous tartrite of pot-afh, and putting them into a crucible well 
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luted. This is to be expofed for an hour to a violent fire, 
which fufes the platina ; but it is brittle, and whiter than 
ordinary platina. It is then to be expofed to a ccnfiderable 
heat under a muffle ; by which means all the arfenic which 
was combined with the platina is diffipated, and this metal 
left in a Hate of purity. Veflels of platina may be formed, by 
filling clay moulds with the alloy of platina and arfenic ; and 
expofing the mould in the muffle, to difTipate the femi-metal. 

Mr. De Morveau fubflituted the arfeniate of pot-afh to 
advantage, inllead of arfenic ; and he had already fufed 
platina with his vitreous flux, made of pounded glafs, borax, 
and charcoal. 

Mr. Pelletier fufed platina, by mixing it with phofphoric 
glafs and charcoal. The phofphorus then unites with the 
platina ; and the phofphure of platina is expofed to a degree 
of heat fufficient to volatilize the phofphorus. 

Mr. Baume advifes to fufe platina with a flight addition of 
lead, bifmuth, antimony, or arfenic ; and to keep the alloy 
in the fire a long time, to difTipate the metals which have 
facilitated the fufion. 

Platina may likewife be fufed with a metal foluble in an 
acid : the mixture being pulverized, the alloyed metal may 
be diflolved ; and the powder of platina may then be fufed 
with the flux of De Morveau. 

Inflead of ufmg a foluble metal, a calculable metal may 
be employed, and treated as before. 

The cubic foot of crude platina weighs 1092 livres 1 ounce 
7 gros 17 grains; platina purified and fufed weighs 1365 
livres ; and purified platina forged weighs 1423, 3, 7, 64. 

Moft of the neutral faltshave no perceptible action upon 
platina. The refults of feveral curious experiments may be 
feen in the Memoirs of MargrafF. 

The nitrate of pot-afh alters platina, according to the ex- 
periments of Lewis and MargrafF. Dr. Lewis, by heating 
a mixture of one part of platina and two parts of this ni- 
trate, during three times twenty -four hours, obferved that 
the metal alarmed a rufty colour. By difrufing the mixture 
in water, the alkali was diflolved ; and the platina, deprived 
of all the foluble matter, is diminifhed one-third. The 
powder taken up by the alkali is the oxide of iron, mixed 
with the oxide of platina. 



Alloys of P latin a, 423 

Thefe experiments, as likewife the property which platina 
poueflfas of being aftedon by the magnet, prove that it con- 
tains iron ; and Mr. de BufTon has concluded that this metal 
is a natural alloy of gold, and iron. But it has been objected 
that the artificial alloy of thefe two metals, made in every 
poffible proportion, never refembles platina; that this metal 
departs more from the properties of gold in proportion as it 
is deprived of iron ; fo that it is confidered as a truly pecu- 
liar metal. 

This metal is capable of being alloyed with moil of the 
known metals. 

Scheffer firft affirmed that arfenic rendered it fufible. 

Melfrs. Achard and De Morveau have availed themiclves 
of this property to fufe it, and compofe vefTels. 

Platina eafily unites with bifmuth. The refult is eager, 
very brittle, difficultly cupelled ; and the refult is a mafs 
which has little ductility. 

Antimony likewife facilitates the fufion of platina. The 
alloy is brittle ; part of the antimony may be difengaged by 
fire ; but a fufficient quantity remains in combination to de- 
prive the platina of its weight and ductility. 

Zinc renders this metal more fufible. The alloy is very- 
hard ; great part of the zinc may be volatilized by fire ; but 
the platina always retains a frnall quantity. 

This metal unites eafily with tin. This alloy is very fufi- 
ble, and flows clear; it is eager, and very brittle : but 
when the tin is in a large proportion, the alloy is ducYile ; its 
grain is coarfe, and it becomes yellow by expofure to the air. 

Lead unites very well with platina. A ilronger heat is 
required to fufe this than the foregoing alloy. It is not duc- 
tile ; is no longer capable of being abforbed by the cupel, 
the abforption only taking place when the lead is in excefs ; 
but the platina remains always united to a confiderable por- 
tion of the metal. Neverthelefs Meflrs. Macquer and Baume 
cupelled one ounce of platina and twenty ounces of lead, by 
expofmg this alloy, for fifty hours, in the hotted part of the 
porcelain furnace at Seves. Mr. De Morveau had the fame 
refult in Mr. Macquer's wind-furnace : the operation lafted 
between eleven and twelve hours. Mr. Baume obferved 
that the platina obtained by this procefs pofleffes the power 
of being forged and foldered completely, without the affift- 

3 O 
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ance of any other metal, which renders it a mod valuable 
acquisition in the arts. 

Dr. Lewis could not unite forged iron with platina ; hut 
having melted crude iron with this metal, there refulted an 
alloy fo hard that the file could not touch it ; it was ductile 
in the cold, but broke fhort when hot. 

Copper and platina alloyed together form a very hard me- 
tal, which is ductile, while the copper predominates in the 
proportion of three or four to one ; it takes a fine polifh, and 
was not tarnifhed during the fpace of ten years. 

Platina, alloyed with filver, deprives it of its ductility, 
increafes its hardnefs, and tarnifhes its colour. Thele two 
metals may be Separated by fufion and repofe. Lewis ob- 
ferved that the filver which is fufed with platina is thrown 
up againft the fides of the crucible with a kind of explofion : 
this phenomenon appears to be owing to the filver, as Mr. 
Darcet found it break porcelain balls in which it was inclo- 
fed, and out of which it was projected by the action of the 
fire. 

Gold is not capable of being alloyed with platina but by 
the moft violent heat : the colour of the gold is prodigioully 
altered, and the alloy poffeffes considerable ductility. 

We know enough of the properties of this metal to pre- 
fume that it will prove of the greateil ufe in the arts. Its 
almoft abfolute infufibility, and its unchangeablenefs, render 
it of extreme value to form chemical veffels, fuch as cruci- 
bles, and the like. The property of Soldering or welding 
without mixture, renders it preferable to. gold or filver. 

Its denfity and opacity render it likewiSe of great value for 
the conflruaion of optical inftruments; and the abbe Rochon 
has confiructed a mirror whofe effeft greatly furpaffes that 
of the mirrors before made of lteel and other metals. This 
metal unites two qualities never before found in one and the 
lame fubftance. Like other metallic mirrors, it reflcfts but 
one Single image; at the Same time that it is as unchangeable 
as the mirrors of glafs. 
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CM AFTER XVI. 
Concerning Tungsten and Wolfram, 

E are acquainted with two minerals which 
may be diftinguifhed by the generic title of Tungften ; the 
one white, and known by the name of Tongften, or the 
Heavy Stone of the Swedes ; the other known by the name 
of Wolfram by mineralogifts. We mall examine each 
feparately. 

ARTICLE I. 

Concerning Tungften. 

Tungften is a fubftance of an opake white colour, very 
heavy, and of a moderate degree of hardnefs : its cryftals 
are octahedrons. Its fpecific gravity is 6,0665, according to 
Briflbn ; from 4,99 to 5, 8, according to Kirwan. The 
cubic foot weighs 424 livres 10 ounces 3 gros 60 grains. 

When expofed without addition to the flame of the blow- 
pipe, it decrepitates without melting. With foda it is divi- 
ded with a (light effervefcence ; is partly foluble in the native 
phofphate, or microcofmic fait ; and affords a fine blue co- 
lour without the lead appearance of red in the refracted 
light, as happens with cobalt. Jt is foluble in borax without 
effervefcence. 

Bergmann affirms that by pouring the muriatic acid upon 
pulverized tungften the powder immediately affumes a fine 
bright yellow colour, To this character Scheele adds that 
of becoming blueifli when boiled in the fulphuric acid. 

This fubftance has a fparry appearance, and was long 
confounded with the white tin ore. It is found at Bitfberg, 
at Riddharhittan, at Marienburg, at Altemburg in Saxony, 
and at Saubergnear Ehrenfriederfdorff. 

Mr. Rafpe, in Crell's Annals for June 1785, gave an 
account of two mines of tungften in the province of Corn- 
wall, from which thoufands of tons might be extracted. 
This philofopher obtained the metal in the proportion of 
about thirty-fix livres the quintal. He adds that this metal 
contains little iron ; that it is very fixed, and refractory in 
the fire ; and that it acts on glafs like the hardeft fteel. 
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Cronftedt arranges the tungften among iron ores ; . 
defines it to be ferrum calciforme terra quadam incognita 
hit rme mixtum. 

Scheele has affirmed that it is a fait refulting from the com- 
bination of calcareous earth with a peculiar acid ; which 
acid, combined with lime-water, regenerates tungften. 

Bergmann confiders the acid earth oi tungften as a me- 
tallic acid. 

Several procefTes are at pre font known for extracting the 
acid of tungften. 

i. Any defired quantity of this mineral is to be pulverized, 
and fufed with four times its weight of carbonate of pot- 
am, and poured out upon a plate of metal. The mafs is 
then to be diffolved in twelve parts of boiling water. A 
white powder feparates during the folution, and falls to the 
bottom of the veflel. This precipitate is a true carbonate 
of lime, mixed with a fmall quantity of quartz, and a por- 
tion of undecompofed tungften. The carbonate of lime may 
be taken up from the precipitate by nitric acid ; and the 
remaining tungften being mixed with the former proportion 
of carbonate of pot-alh, is to be fufed, diffolved, and by a 
repetition of thefe operations will at length be totally decom- 
poled. The water in which the fufed mafles were w allied, 
holds in folution a fait formed by the tungftic acid and the 
alkali made ufe of. If this folution be iaturated with nitric 
acid, it feizes the alkali ; the folution becomes thick ; and a 
white powder falls down, which is the tungftic acid. 

2. Scheele, the author of this firft procefs, propofes a 
fecond, which confifts in digefting three parts of weak nitric 
acid upon one of pulverized tungften. This powder be- 
comes yellow ; the fluid is then decanted, and two parts of 
ammoniac are poured upon the yellow powder. The pow- 
der then becomes white; and in this way the repeated a&ions 
of the acicl and the alkali are applied until the tungften is 
diffolved. Out of four fcruples, treated by Scheele in this 
manner, there were three grains of infoluble matter, which 
was a true quartz. By adding the pruffiate of pot-afti to the 
nitric acid made ufe of, he obtained two grains of Pruffian 
blue ; pot-afh precipitated three of chalk ; and the ammoniac 
uniting to the nitric acid, precipitated an acid powder, whicfy 
is the true tungftic acid. 
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In this experiment the nitric acid feizes the lime, and 
uncovers the tungftic acid, which is feized by the alkali. 

The muriatic acid may be fubftituted to advantage inilead 
pf the nitric acid, and even gives it a yellower colour. 

Scheele and Bergman u confidered this acid powder as the 
true tungftic acid in a irate of purity. MefTrs. Delhuyars 
have afierted that this acid was mixed with the acid made 
ufe of in obtaining it, and alfo with the alkali ; they aflert 
that the yellow powder which is uncovered by the digeftion 
of the nitric acid, is the true acid oxide of tungfien without 
mixture. 

The white powder which is obtained by decompofmg the 
alkaline fplution of tungfien by an acid, is acid to the tafte, 
reddens the tincture of turnible, precipitates the fulphure of 
alkali of a green colour, and is foluble in twenty parts of 
boiling water. 

Properties of the white powder ob- Properties of the yellow matter ob- 
tained by decomposing the solution tained by f,e or by acids, 
of the ore of tungsten by an acid. 

1. An acid tafle, reddening the i. Infipid, reddening the tincture 
tincture of turnible. cf turnible. 

2. Expofed to flame urged by 2. Treated with the blow-nine, 
the bbw-pipe, it paffes to a brown it preferves its yellow colour in the 
and black colour, without affording external flame ; but fwells tip, and 
either fumes or figns of fufion. becomes black, without fuling, in 

interior blue flame. 

3. It is foluble in twenty parts 3. It is infallible, but capable of 
cf boiling water. becoming fo divided as to j afu 

through the filters. 

4. It becomes yellow by boiling 4. The three mineral acids have 
in the nitric and muriatic acids, and no action upon it. 

blueifh in the fulphuric acid. 

From this comparifon it appears that the acid is purer in 
the yellow powder than in the white ; and the faline combi- 
nations of thefe two jubilances have confirmed MefTrs. Del- 
huyars in their opinion. 

The yellow acid, combined with pot-aih, either in the 
dry or humid way, forms a fait with excefs of alkali. If a 
few drops of nitric acid, be poured on this fait, a white pre- 
cipitate is inflantiy formed, which is redifiblved by agitation. 
When all the alkali is faturated, the folution is bitter ; if 
more acid be poured in, the precipitate which falls down is 
no longer foluble. This precipitate, when well edulcorated, 



428 Properties of Wolfram. 

is exactly of the fame nature as the white powder we have 
fpoken of. The experiments of Meflrs. Ddhuyars, and of 
Mr. De Morveau, prove very clearly that this white powder 
contains the acid of tungften, a portion of the pot-afh with 
which it was before combined, and a fmall quantity oi' the 
precipitating acid. 

It is therefore well proved that the yellow matter is the 
pure oxide, and the true tungflic acid. It is likewife very 
certain that this acid exifts ready formed in the metal ; and 
that its oxigene is afforded neither by the decompofition of 
another acid, nor the fixation of the oxigenous gas of the 
atmofphere ; it appears to exiltin the mineral, and to con- 
flitute a kind of fait of many principles. 

The pure tungflic acid diffolves ammoniac ; but the refult 
is always with excefs of alkali. This folution affords by 
evaporation fmall cryflals, of a penetrating bitter tafle, folu- 
ble in water, and then reddening blue paper. The alkali 
is eafily feparated ; and thefe cryftals return by calcination 
to the ftate of yellow powder, entirely fimilar to that which 
entered into its compofition. If the calcination be made in 
clofed veflels, the refidue is of a deep blue colour ; for the 
yellow colour does not appear unlefs the calcination be 
made in the open air. 

The experiments of Mr. De Morveau permitted him to 
clafs the affinities of this acid in the following order, which 
is the fame as that of the arfenical acid, lime, barytes, mag- 
nefia, pot-afh, foda, ammoniac, alumine, metallic fubflances, 

ARTICLE II. 

Concerning Wolfram. 

Wolfram is of ablackifh brown colour, fometimes affect- 
ing the form of an hexahedral compreffed prifm, terminated 
in a dihedral fummit. Thefe furfaces are frequently flriated 
longitudinally. Its fracture is lamellated, foliated, and the 
leaves are flat, though rather confufed. Externally it refem- 
bles fchorl ; but is not fufible, and is incomparably heavier. 

Some mineralogies have taken it for an arfenical ore of 
xin ; others for manganefe, mixed with tin and iron. Meffrs. 
Delhuyars, who made a flrict analyfis of it, found it to 
contain manganefe 22, oxide 13-*-, quartzofe powder 2, 
yellow powder or tungflic acid 65. 
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The wolfram which was analyfed by thefe chemifts, eame 
from the tin mines of Zinnwalde, on the frontiers of Saxony 
and Bohemia. Its fpecific gravity was 6,835. 

Wolfram does not melt by the blow-pipe without addition, 
its angles being fcarcely rounded. With the native phof- 
phate, or microcofmic fait, it melts with effervefcence, and 
affords a glafs of a hyacinth colour. 

It effervefces with Borax, and forms a greenifh yellow 
glafs in the blue flame. Thrs glafs becomes red in the ex- 
ternal flame. 

Pulverized wolfram upon which the muriatic acid is 
boiled, afTumes a yellow colour like tungften. 

MefiVs. Delhuyars fufed in a crucible two gros of pulve- 
rized wolfram, and four gros of pot-aih. The fufed mixture 
being poured out on a plate of copper, a black matter re- 
mained in the crucible ; which, when well edulcorated, 
weighed thirty-feven grains, and was found to be a mixture 
of iron and manganefe. 

The mafs which had been poured out was diffolved in 
water, filtered, and faturated with nitric acid. It afforded a 
white precipitate, abfolutely fimilar to that obtained from 
tungften by a fimilar procefs. 

The procefs of Scheele by the humid way, fucceeds equal- 
ly well, and even appeared to Meffrs. Delhuyars to be more 
advantageous. They prefer the difengagement, by mere 
heat, of the ammoniac which holds the tungftic acid in folu- 
tion. One hundred grains of wolfram, treated with the mu- 
riatic acid and ammoniac, afforded them fixty-five grains of 
a yellow powder, which is the pure acid. 

This yellow acid powder unites with moil of the metals. 
Meffrs. Delhuyars relate the following facts : 

1. One hundred grains of gold leaf, and fifty grains of 
the yellow matter, urged by a violent heat for three quar- 
ters of an hour, in a crucible lined with charcoal, afforded 
a yellow button, which crumbled in pieces between the fin- 
gers, and internally exhibited grains of gold, with others of 
a grey colour. This button weighed one hundred and thirty- 
nine grains; and was cupelled with lead, though with difficulty. 

2. Similar proportions of platina and the yellow matter, 
treated in the fame way (for an hour and a quarter), afforded 
a friable button, in which grains of platina were diflinguifh- 
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able, of a whiter colour than ordinary. It weighed onr! 
hundred and forty grains. 

3. With fdver, the yellow matter formed a button of a 
white greyifh colour, rather fpungy, which extended itfelt" 
eafily by a few flrokes of the hammer ; but on continuing 
them, it fplit in pieces. This button weighed one hundred 
and forty-two grains, and the mixture was perfect. 

4. With copper, it afforded a button of a coppery red 
colour, inclining to grey, which was fpungy, and confiderably 
ductile. It weighed one hundred and thirty-three grains. 

5. With crude or call iron, of a white quality, it afforded 
a perfect button, whofe fracture was compact, and of a grey- 
ifh white colour. It was hard, brittle, and weighed one 
hundred and thirty-feven grains. 

6. With lead, it afforded a button of an obfeure grey 
colour, with very little brilliancy, fpungy, very ductile, and 

|, iplitting into leaves when hammered. It weighed one hun- 

'I dred and twenty-feven grains. 

7. The button formed with tin was of a lighter grey than 
the preceding, very fpungy, fom-ewhat ductile, and weighed 
one hundred and thirty-eight grains. 

8. The button of antimony was of a bright grey, rather 
fpungy, brittle, and eafily broken ; it weighed one hundred 
and eight grains. 

9. That of bifmuth prefented a fracture which, when ken 
in one direction, was of a grey colour, and metallic Juflre ; 
but in another direction it appeared like an earth without 
any luftre : but in both cafes an infinity of pores were feen 
over the whole mafs. It weighed fixty-eight grains. 

10. The button formed with zinc was of a black greyifli 
colour, and an earthy afpect, very fpungy, and brittle : it 
weighed forty-two grains. 

11. With common manganefe it afforded a button of a 
blueifh grey colour, and earthy afpect. Its internal part, 
examined with a lens, refembledan impure fcoria of iron ; 
it weighed one hundred and feven grains.* 

* In Cullen's Tranflation of the Chemical AnalyGs of Wolfram, 

printed in Loudon in 1785, I find the word brown in every place v. here 
M. Chaptal has ui'ed the word grise, or grey. Not having the original, 
I cannot fpeak with certainty; but from ciicumftances conclude this laft 
to be right. T. 
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Thefe experiments confirm the fufpicion of the celebrated 
Bergmann ; who, from the fpecific gravity of this Jubilance, 
and its property of colouring the native phofphate and borate 
of foda, concluded that it was of a metallic nature. 

The change of colour which accompanies its reduction, its 
increafe of weight by calcination, its metallic 'afpeft, and 
its uniting with other metals, are inconteflable proofs of its 
metallic nature. The yellow matter mufl therefore be con- 
fidered as a metallic oxide ; and the button obtained by 
expoling this oxide to a llrong fire, with powder of charcoal, 
is a true metal. 

Meflrs. Delhuyars having put one hundred grains of the 
yellow matter into a lined crucible well clofed, and expofed 
it to a ftrong heat for an hour and a half, found upon break- 
ing the crucible, when cold, a button which was reduced to 
powder between the fingers : its colour was grey. On exa- 
mining it with the magnifier, an afTemblage- of metallic glo- 
bules were feen, among which fome were of the bignefs of a 
pin's head, and when broken exhibited a metallic fracture 
refembling iteel. It weighed iixty grains, and of courfe 
there was a diminution of forty. Its fpecific gravity was 
17,6. Having calcined a part of it, it became yellow with 
J^-o increafe of weight. The nitric and the nitro-muriatic 
acid changed it into a yellow powder. The fulphuric 
and muriatic acids diminiflied its weight, and their folution 
let fall Pruflian blue. The metallic grains always remained 
after the action of thefe acids. This metal {hews various 
properties, which diftinguifh it from all others known. 1. 
Its fpecific gravity is 17,6. 2. It forms peculiar glafs with 
the feveral fluxes. 3. It is almofl abfolutely infufible, much 
iefs fufible than manganefe. 4. Its oxide is of a yellow co- 
lour. <j. It forms peculiar alloys with the known metals. 
6. It is infoluble in the fulphuric, muriatic, nitric, and ni- 
tro-muriatic acids ; and thefe two laft convert it into an 
oxide. 7. The oxide combines with alkalis. 8. The ox- 
ide is infoluble in the fulphuric, nitric and muriatic acids, 
and afTumes a blue colour with this laft. 

Wolfram ought to be confidered as an ore, in which this 
metal is combined with iron and manganefe, as Meffrs. Del- 
huyars have proved. 

3 P 
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CHAPTER XVII. 

Concerning Molybdt m :. 

JL WO fubllances have long been confounded to- 
gether under the name of Black Lead Ore, Mineral Lead, 
Plumbago, and Molybdena, which the more accurate ana- 
lyfis of the celebrated Scheele has proved to be of a very 
different nature. 

Molybdena cannot be confounded with the mineral of 
which black lead pencils are made, which is called Plumb-a- 
go. The characieriftic differences are iufficiently evident 
to leave no doubt on this fubjecl. 

Molybdena is compofed of fcaly particles, either large or 
fmall, and flightly adherent to each other. It is foft and fat 
to the touch, foils the fingers, and makes a trace of an afli- 
grey colour. Its afpecl: is blueifh, nearly refembling that of 
lead. The mark it makes on paper has an argentine brilli- 
ancy ; whereas thofe of plumbago are of a darker and lefs 
mining colour: its powder is blueifh ; by calcination it emits 
a fmell of fulphur, and leaves a whitiih earth. The nitric 
and the arfenical acids are the only acids which attack it 
effectually ; it is foluble in foda with effervefcence before the 
blow-pipe ; it caufes the nitrate of pot-afh to detonate, and 
leaves a reddifh refidue ; when expofed to the flame of the 
blow-pipe in the fpoon, it emits a white fume. 

Plumbago is lefs fat, lefs granulated, and compofed of 
fmall brilliant particles. It Iofcs in the fire .^% of its weight, 
and the refidue is an oxide of iron. 

Molybdena has been found in Iceland, in Sweden, in 
Saxony, in Spain, in France, &c. that of Iceland is found 
in plates, in a red feld fpar mixed with quartz. 

Mr. Hafienfratz gave Mr. Pelletier famples of molybdena 
fimilar to thole of Iceland, which he had collected in the 
mine named Grande Montagne de Chateau Lambert, near 
Tillot, where a copper mine was formerly wrought. 

William Bowles appears to have found molybdena near 
the village of Real de Monafterio : it is in banks of grit 
(tone, fometimes mixed with granite. 
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The molybdena of Nordberg in Sweden is accompanied 
with iron that obeys the magnet. 

The molybdena of Altemberg in Saxony nearly refembles 
that of Nordberg. 

Mr. Pelletier analyfed all thefe fpecies ; and his work may 
be confulted in the Journal de Phyfique for 1785 ; but the 
experiments we mall here relate were made with that of 
Altemberg. 

Molybdena, expofed to heat on a teft, becomes covered, 
after the fpace of an hour, with a white oxide ; which, 
when collected by a procefs fimilar to that ufed with the fub- 
limed oxide of antimony, has all the appearances of this laft 
fubftance. The whole of the molybdena may by this means 
be converted into oxide. We are indebted to Mr. Pelletier 
for this fine experiment, which had efcaped Scheele. 

Molybdena is indeftructible in clofe veffels, and prodigi- 
oufly refractory, according to the experiment of Mr. Pelletier, 
made with balls of porcelain expofed to the moil intenfe heat. 

Molybdena treated with the black flux was not reduced, 
nor even deprived of its fulphur. 

Molybdena fufed with iron affords a button, which refem- 
bles cobalt : it unites likewife perfectly with copper ; but 
when mixed with lead and tin, it renders them fo refrac- 
tory that the refults are pulverulent and infufible alloys. 

The oxide of molybdena obtained by calcination, or by 
the action of the nitric acid, is not reducible when treated 
with black flux, alkali, charcoal, or the other faline fluxes ; 
neverthelefs if the oxide of lead or copper be added, the me- 
tals which refult are alloyed with a portion of molybdena, 
which may be feparated. 

The oxide of molybdena made into a pafte with oil, dried 
by the fire, put into a lined crucible, and urged by a violent 
heat for two hours, afforded Mr. Pelletier a fubftance flight- 
ly agglutinated, which could be broken with the fingers. It 
was black, but perceptibly of a metallic afpect. When 
viewed with the magnifier, fmall round grains of a greyifh 
metallic colour were feen, which are the metal of molybdena. 
It is prodigioufly refractory ; for the fire which Mr. Pelletier 
gave was ftronger than that which Mr. Darcet ufed in the 
fame forge to fufe platina and manganefe. 
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i. Molybdena is calclnable, and pafl.es to the ftabe o 
very white oxide. 2. It detonates with nitre, and the 1 
due is an oxide of manganefe mixed with alkali. 3. The 
nitric acid converts it into a white acid oxide. 4. The alka- 
lis difengao-e hydrogenous gas from it in the dry way, 
the refidue is the oxide of manganefe and alkali. 5. It al- 
loys with the metals in different manners. Its alloys with 
iron, copper, and filver, are very friable. 6. When treated 
with fulphur it regenerates the mineral molybdena. 

According to Mr. Kinvan, the mineral of molybdena 
contains fifty-five pounds fulphur, and forty-five metal. The 
iron is accidental. 

To reduce the mineral molybdena to powder, Sch'. 
directs that it be triturated in a mortar with a fmall quantity 
of fulphate of pot-am. The powder is afterwards walked 
in hot water, to carry off the fait,* and the molybdena remains 
pure. 

This ore is a true pyrites, which when treated with the 
blow-pipe, emits a white acid fume. But as this method 
affords only a fmall quantity of oxide, another method is 
ufed to obtain it. Thirty parts of nitric acid are diftilled 
on one of powder of molybdena ; care being taken to ufe 
a large retort, and to pour the acid on at feveral times, 
having previoufly diluted it with one-fourth of water. The 
receiver being luted on, the diilillation is performed on the 
land-bath. When the fluid begins to boil, a conliderablc 
quantity of nitrous gas comes over. The diilillation being 
continued to drynels, there remains a powder, upon which 
an additional dofe of nitric acid is poured ; and this manage- 
ment is repeated until all the nitric acid has been ufed. 
the end of the procefs there remains a refidue as white as 
chalk, which is to be warned with water to carry off a fmall 
quantity of fulphuric acid, which is formed by the decompo- 
fition of the nitric acid upon the fulphur. After this edul- 
coration there remain fix gros thirty-fix grains of an acid 
powder, when the operation has been made with thirty 
ounces of nitric acid, and one ounce of molybdena. It is 
the molybdic acid. 

The arfenical acid diftilled from the mineral molybdena, 
likewife affords the molybdic acid. 
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It is evidently feen that its formation, like that of the 
arfenical acid, is owing only to the decompofition ot the acid 
made ufe of, and the fixation of their oxigene on the metal 
employed. 

This acid is white, and leaves a perceptibly acid and 
metallic tafle on the tongue. 

Its fpecific gravity compared with that of pure water is 
3,460 : 1,000, according to Bergmann. 

It undergoes no alteration in the air. 

It does not rife in fublimation, but by the ailjilance of the 
air. 

It colours the native phofphate of a beautiful green. 

If it be diitilled with three parts of fulphur, the mineral 
molybdena is regenerated. This acid is foluble in five h 
drcd and feventy times its weight of water at a mean tem- 
perature. The folution is very acid ; decompofes the folu- 
tions of foap ; precipitates the fulphures of alkali. It be- 
comes blue and confident by cold. 

The concentrated fulphuric acid diflblves a large quantity 
of it. The folution affumes a fine blue colour, and becomes 
thick by cooling. This colour difappears by heat, and re- 
turns again as the fluid cools. 

The muriatic acid diffolves a confiderable quantity by the 
afliftance of ebullition. If the folution be diftilled, it leaves 
a refidue of an obfcure blue colour. By an increafe of heat, 
white fublimate rifes mixed with a little blue ; the fuming 
muriatic acid paffes over into the receiver. This fublimate 
attracts humidity, and is nothing but the molybdic acid 
volatilized by the muriatic. 

This folution of the molybdic acid precipitates filver, mer- 
cury, and lead from their folutions in the nitric acid. It 
like wife precipitates lead from its folution of the muriate of 
lead, but not the other metals. 

The molybdic acid takes barytes from the nitric and mu- 
riatic acids. 

In the dry way it decompofes the nitrate of pot-afh, and 
the muriate of foda ; and the acids pafs over in the fuming 
flate. 

It difengages the carbonic acid from its combination^ and 
unites with the alkalis. 
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It even partly decompofes the fulphate of pot-afli by the 
afliftance of a flrong heat. 

It diflblves feveral metals, and aflumes a blue colour in 
proportion as it yields its oxigene to them. 

The combinations of this acid with the alkalis are little 
known. Scheele however has obferved, that fixed alkali 
renders this acid earth more foluble in water ; that the 
alkali prevented the acid from rifing ; that the molybdite of 
pot-am is precipitated by cooling in fmall granulated cryftals. 

The oxigene adheres but flightly to the molybdic bafe : 
for this acid boiled with the femi-metals does not fail to 
aflume a blue colour. 

Hydrogenous gas palled through it is fufficient to produce 
the blue colour. 

Molybdena, as Mr. Pelletier has obferved, has great 
refemblance in its chemical refults to antimony ; fince, like 
that femi-metal it is capable of affording by calcination 
an argentine oxide, capable of vitrification. 
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PART THE FOURTH. 



CONCERNING VEGETABLE SUBSTANCES. 



INTRODUCTION. 



J_ HE mineral bodies upon which we have hi- 
therto treated, poflefs no life, or vital principle, properly 
fpeaking ; neither do they exhibit any phenomena depend- 
ant upon internal organization. The cryftallization affected 
by fubftanees of this kingdom, appears to be exceedingly 
different from the organization of living beings. It produces 
no advantage to the individual ; and at moil ferves only to 
prove the great harmony of nature, which marks its feveral 
productions with conftant and invariable forms. But the 
organization of vegetable and animal beings difpofes thofe 
bodies in fuch a manner as is refpectively the molt proper to 
accomplifh the two final purpofes of nature ; namely, the 
fubfiftence and reproduction of the individual.* 

It cannot be denied that vegetables are endued with a 
principle of irritability, which developes in them both fenfa- 
tion and motion : the motion is fo evident in certain plants, 
that it may be produced at pleafure, as in the fenfitive plant, 
the (lamina of the opuntia, &c. The plants which follow the 
courfe of the fun ; thofe which in hot-houfes incline towards 
the apertures that admit the light ; other plants which con- 
trac^- and ihut up by the puncture of an infect ; thofe whofe 
roots turn out of their direct or original courfe to plunge 
themfelves into a favourable foil, or water — have not thefc 
a degree of fenfation of touch which may be compared to 

* Forthe devetapement of thefe principles, fee La Thefe fur I'Analyfr 
Vegetal iupported at the fcheols of Montpellier by my fcholar and friend, 
M. Kiclie. 
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the fenfibility of animals? The difference of the fecfetii 

in various organs, fuppofes a difference in the irritability of 
each refpective part. 

The reproduction of vegetables is effected in the fame 
manner as that of animals ; and modern botanifts have 
iiipported the companion between thefe two functions in the 
molt happy and conclufive manner. 

Vegetables are nourifhed with air in the fame manner as 
infects. This aliment is even of indifpenfible neceffity, 
without it the plant at laft perifhes : though the air whi 
this order of beings requires, is neither of the fame purity 
nor of the fame kind. 

The great difference which exifls between vegetables and 
animals is, that the latter in general are capable of convey- 
ing themfelves from place to place, in fearch of nourifhment ; 
whereas vegetables, being fixed in the fame place, are obli- 
ged to take up in their own vicinity all fuch matters as are 
capable of nouriiliing them : and nature has provided them 
with leaves, to extract from the atmofphere the air and wa- 
ter of which they have need; while their roots extend to a 
diftance in the earth to take firm hold, as well as to receive 
other nutritive principles. 

if we attend more minutely to the character of animals, 
we ihall perceive that nature defcends by imperceptible 
degrees from animals of the moft complicated organization to 
vegetables ; and we fhall find it difficult to determine where 
one kingdom terminates, and the other begins. Chemical 
analyfis is capable of marking the limits between thefe king- 
doms in an imperfect manner. For a long time ii was pre- 
tended that animal fubflances poffeffed the exclufive property 
of affording ammoniac, or the volatile alkali ; but it is at 
prefent well known that certain plants likewife afford it. We 
may in ftrictnefs confider a vegetable as a being that parti- 
cipates in the laws of animal life, but in a lefs degree than 
the animal itfelf. 

The difference which has been eftablifhed between the 
vegetable and the mineral kingdoms, is much more ftriking. 
We may confider this laft as a mafs deprived of organization, 
and almoft in an elementary Hate; receiving no modifications 
or changes but by the impreffion of external objects; capable 
of entering into combinations ; of changing its nature ; and 
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of re-appearing, or being re-produced with its original pro- 
perties, at the pleafure of the chemift. The other king- 
dom, on the contrary* being endued with a particular life, 
which inceffantly modifies the impreffion of external ob- 
jects, decompofing them, and changing their nature, exhi- 
bits to us a feries of functions regular throughout, and almoil 
all of them inexplicable : and when the chemift has iuc- 
ceeded in depriving thefe bodies of their organization, and 
feparating their principles, he finds it beyond his power to 
reproduce it by any re-union of the fame principles. 

In the mineral kingdom, we are juftified in referring all 
the phenomena to the action of external bodies ; and forces 
purely phy.fical, or the fimple laws of affinity, afford deduc- 
tions fufficient to account for all its metamorphofes. In the 
vegetable kingdom, on the contrary, we are compelled to 
acknowledge an internal force which performs every thin^, 
governs all the proceffes, and fubjects to its defigns thofe 
agents which have an abfolute empire over the mineral 
kingdom. 

The mineral pofleffes no evidentlife, no period which may 
be confidered as the term of its perfection ; becaufe its va- 
rious dates are always relative to the purpofes to which we 
intend to apply it. It does not appear either to grow or to 
be reproduced : at raoft it changes its form, but never by 
any internal determination; this is always the mere phvfi- 
cal effect of the action of external objects. In thofe cafes 
wherein the mineral exhibits marks of increafe or vegetati- 
on, it is by the fucceffive application of fimilar materials 
worn and tranfported by the waters. In thefe apparent 
vegetations we perceive neither elaboration or defign : the 
law of affinities ever prefides in thefe arrangements ; and this 
law is the law of bodies void of life. 

It is not therefore furprifing that the chemical analyfis 
mould have made lefs progrefs in the vegetable than in the 
mineral kingdom, for it becomes more difficult in proportion 
as the functions are complicated : and in the vegetable king- 
dom theconftitueatparts are more numerous, at the fame time 
that they are lefs eafily diftinguiflied by characteriftic pro- 
perties ; and the methods of analyfis hitherto employed are 
allimperfect; not to mention that the proceedings of chemifts 
have likewife been conducted upon an erroneous principle. 

3 0, 
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All plants have hitherto been analyfed either by fire or by 
menftruums. The firft of thefe methods is very uncertain ; 
for the action of fire decompoies combined bodies, alters 
their principles, forms new bodies by the combination of 
thefe feparate elements, and extracts nearly the fame prin- 
ciples from very different fubllances. Long experience has 
ihewn the imperfection of this method. Meflrs. Dodart, 
Bourdelin, Tour nefort, and Boulduc have diftilled more than 
fourteen hundred plants ; and it was from the refults of fo 
exteniive a work that Homberg deduced fufficient reafons 
to conclude that this method is erroneous. As a proof of 
his aflertion, he quotes the analyfis of cabbage and hemloc, 
which afforded the fame principles by diftillation. 

The method by menftruums is fomewhat more accurate, 
beeaufe it does not change the nature of the products : it has 
been even of greater advantage to medicine, by affording 
methods of feparating the medicinal principle from certain 
vegetables. It has alfo afforded its affiftance to extract other 
principles in all their purity, which are ufeful in the arts, or 
for the purpofes of life ; and it has given us more inftruction 
concerning the nature of vegetable principles. But we cannot 
confine ourfelves to this fingle method in the analyfis of plants; 
and a confiderable fhare of genius is required in the chemift, 
to vary his procefs according to the nature of the vegetable, 
and the character of the principle he is defirous of extracting. 

A reproach of confiderable weight may be urged againft 
moftof the chemiff s whohave written upon the vegetable ana- 
lyfis: it is, that they have followed no order in their proceedings, 
nor attended to any regular diftribution of the facts. They 
have confined themfelves to indicate proceifes for extracting 
fuchor fitch fubftances, withoutconneclingthe whole with any 
fyftem founded either on the methods of operating, on the 
nature of the products, or on the proceedings followed by na- 
ture in its own operations. I confefs that, if a difquifition 
on the vegetable analyfis were to be confined to the procefles 
neceflary to be known in extracting the feveral fubftances, 
the fyftem of order and of method which I propofe would 
be ufelefs : but if it be an object to know the operation of 
nature, and to furvey the vegetable kingdom like a philofo- 
pher, a naturalift, and a chemift, it is neceflary to infpect the 
operations of nature herfelf among vegetables, and tofollovr 
as much as poflible a plan which fhall render us acquainted 
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with the plant under all thefe points of view : that which I 
have adopted appears to me to anfwer that purpofe. 

We mall begin by exhibiting a curfory account of the 
vegetable ftructure, in order that we may become better ac- 
quainted with the connection between its organization and 
the principles which we fhall extract. 

In the fecond place we fhall attend to the development and 
increafe of the vegetable. With this intention we mall fhew 
the variousprinciples whichferve for its nourifhment; and we 
fhall follow their alterations in the vegetable ceconomy, as 
much as we are enabled to do. We fhall therefore of confe- 
quence examine the influence of the air, the foil, the light, &.c. 

In the third place we mail examine the refults of the work 
of organization upon elementary fubftances ; and for that 
purpofe we fhall teach the method of diftinguiming the fe- 
reral conftituent principles of vegetables : taking care to 
proceed in this examination according to that method which 
nature herfelf points out. 

Thus we fhall begin with the analyfis of fuch products as 
we can extract without deltroying the organization of the 
plant, and which are exhibited in a naked Rate by that organ- 
ization ; fuch as the mucilage, the gums, the oils, the reikis, 
the gum refins, Sec. We mall in the next place analyfe fuch 
principles as cannot be collected but by deftroying the or- 
ganization of the plant ; fuch as the fecula, the glutinous 
part, the fugar, the acids, the alkalis, the neutral falts, the 
colouring principles, the extractive matter, iron, gold, man- 
ganefe, fulphur, &.c. 

We fhall likewife attend to the prolific humours of vege- 
tables ; that is to fay, the examination of fuch fubftances as, 
though neceflary to life, are urged outwards to anfwer cer- 
tain functions : the pollen and honey are of this kind. 

We (hall afterwards examine the humours which evapo- 
rate and efcape by tranfpiration ; fuch as ovigenous gas, the 
aqueous principle, the aroma, or odorant principle, &c. 

And in the laft place we fhall mew the alterations to which 
vegetables are fubjected after death. In order to proceed 
with regularity in a queftion of fuch great importance, we 
fucceffively examine the action of heat, of the air, and of wa- 
ter, upon the vegetable, whether they act feparately or toge- 
ther. This proceeding will render us acquainted with all the 
phenomena exhibited by vegetables in their decompofition. 
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SECTION I. 

Concerning the Stru&ure of Vegetables. 



E' 



,VERY vegetable exhibits in its ftructure — 
i. A fibrous and hard mechanifm, which fupports all the 
other organs, determines the direction, and gives the proper 
folidity to the feveral plants and their parts. 2. A cellular 
tiffue. which accompanies all the veffels, envelopes all the 
fibres, contorts itfelf in a thoufand ways, and every where 
forms coverings and a net-work, which connect all the parts, 
and eftablifh an admirable communication between them. 
We mall defcribe the feveral parts of plants in a very con- 
cife manner, and fhall confine ourfelves to the explanation 
and defcription of fuch organs as mull neceffarily be known 
withaccuracy,before we can proceed to the analyfis of plants. 

ARTICLE I. 

Concerning the Bark. 

The bark is the external covering of plants : its prolon- 
gation s or extenfions cover all the parts which compofe the 
vegetable. We may diftinguifh three particular tunics, 
which may be feparately detached and obferved. The 
epidermis, the cellular tiffue, and the cortical coatings. 

1. The epidermis is a thin membrane, formed of fibres 
that crofs each other in every direction : its texture is fome- 
times fb thin, that the direction of its fibres may be feen by 
holding it againfl the light. This membrane is eafily de- 
tached from the bark when the plant is in a vigorous ftate ; 
and when it is dried the reparation may be effected by fteep- 
irio- it in water. When the epidermis of a plant is deltroy- 
ed, it grows again ; but is then more ftrongly adherent to 
the reil of the bark, fo as to form a kind of cicatrice. 

This epidermis appears to be intended by nature to mo- 
dify the impreffions of external objects upon the vegetable ; 
to furnifh a great number of pores, which tranfmit or throw 
off the excretory products of vegetation ; to protect the lafl 
ex extreme ramification of the aerialor aqueous veflels, which 
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extract out of the air fuch fluids as are neceffary for the in- 
creafe of the vegetable ; and to cover the cellular organ, 
which contains the principal veffels, and thofe glands in 
which the feveral fluids are digefted and elaborated. 

2. The cellular coating forms the fecond part of the bark. 
Its texture confifts of veficules and utricles, fa very nume- 
rous, and fo clofe together, as to form a continued coating. 
It is among thefe glands that the work of digeftion appears 
to be performed ; and the product of this elaboration is after- 
wards conveyed through the whole vegetable, by veffels 
propagated through all its parts and communications ; even 
with the medullary fubflance or pith, by conduits that pafs 
through the body of the tree, crolling the ligneous ftrata. 
In this net-work it is that the colouring matter of vegetables 
is developed : the light which penetrates the epidermis con- 
curs in enlivening the colour : here likewife it is that oils and 
refms are formed, by the decompofition of water and the 
carbonic acid : and laftly it is from this reticular fubflance 
that thofe various products of the organization are thrown 
ofF or excluded, which may be confidered as the faeces of 
the vegetable digeftion. 

3. The coatings which lie between the external covering 
and* the wood or body of the vegetable, and may be called 
the cortical coatings, are formed of laminae which themfelves 
confifl of the re-union of the common, proper, and air vef- 
lels of the plant. The veffels are not extended lengthwife 
along the flem, but are curved in various directions ; and 
leave openings or mefhes between them, which are filled by 
the cellular matter itfelf. Nothing more is neceffary to 
fhew the organization, than to macerate thefe coatings in 
water, which deftroys the cellular fubftances, and leaves 
the net-work uncovered*. The cortical coverings are eafily 
detached from each other ; and it is from their gros refem- 
blance to the leaves of a book, that they have been called 
liber. In proportion as thefe coatings approach the ligneous 
body, they become hard ; and at length form the external 
ibfter part of the wood, which workmen call the fap. 

The bark is the moil effential part of the vegetable^ by 
means of which the principal functions of life, fuch as nutri- 

* This is moO particularly feen in the arbre a dentelle, v.hen the plant 
has been macerated in water. 
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tion, digeftion, the fecretions, &c. are performed. All plants, 
and particularly thofe which are hollow within, and whole 
produces are totally changed by covering them with a differ- 
ent bark, prove evidently that the digeftive force eminently 
refides in this part. The ligneous part is lb far from being 
effential, that many plants are without it ; fuch as the gra- 
mineous and the arundinaceous, and all plants that are hol- 
low within. Graffes, properly fpeaking, have only the 
cortical part. We often fee plants internally rotten, but 
kept in vigour by the good ftate of their bark. 

ARTICLE II. 

Concerning the Ligneous Texture. 

Beneath the bark there is a folid fuhftance, which forms 
the trunk of trees, and appears to be ufually compofed of 
concentric layers. The interior coatings or rings are harder 
than the exterior ; they are older, and of a more firm and 
clofe grain. The harcled of thefe form the wood, properly 
fo called, while the fofter external rings conftitute the lap. 
We may confider wood as being formed of fibres, more or 
lefs longitudinal, connected together by a cellular tilTue, in- 
terfperfed with veficles communicating with each other; 
which diminifh gradually towards the centre, where they 
form the pith. The pith is found only in young branches or 
plants, and difappears in plants of a certain age. 

The veficular tiffue bears a great analogy with the glan- 
dular and lymphatic veffels of the human body : in both, the 
conformation and ufes are the fame. In the early age of 
plants and animals, the organs have a confiderable expanfion, 
becaufe the increafe of the individual is very rapid at that 
period. But, as age advances, the veffels become obliterated 
in both kingdoms ; and it is obferved that, in the white 
woods and fungi which abound with the veficular fubftance, 
the growth is alfo very rapid. 

ARTICLE III. 

Concerning the Veffels. 

The various humours of vegetables are contained in 
certain appropriated veffels, in which they enjoy a degree 
o'i motion that has been compared to the circulation in ani- 
mals. It differs from it, however; becaufe thefe humours 
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are not continually kept in equilibrio in the veffels by an 
inherent force, but receive in a more evident manner the 
im predion of external agents. Light and heat are the two 
great caufes which determine and modify the motion of the 
fluids and vegetables. Thefe agents caufe the fap to rife 
into the various parts, where it is elaborated in a manner 
correfpondent to the functions of each ; but it is not obfer- 
ved that it returns : fo that the acceflion or flux of the hu- 
mours in vegetables is proved, but the reflux does not ap- 
pear to be perceptible. 

Three kinds of veffels may be diftinguifhed in vegetables : 
the common, or fap veffels ; the proper veffels ; and the 
air veffels, or tracheae. 

1. The fap veffels convey the fap, or general humour, 
from which all the others are derived. This liquor may be 
compared to the blood in animals. Thefe veffels are refer- 
voirs from which the feveral organs extract the different 
juices, and elaborate them in a proper manner. 

The fap veffels chiefly occupy the middle of plants and 
trees. They rife perpendicularly, though with deflexions 
fideways, fo as to communicate with all the parts of the ve- 
getable. They convey the fap into the utricules ; whence 
it is taken by the proper veffels, in order that it may be duly 
elaborated. 

2. Each organ is likewife provided with peculiar veffels, 
to feparate the various juices, and to preferve them, with- 
out fuffering them to mix with the general mafs of humours. 
Thus it is that we find in the fame vegetable, and frequently 
in the fame organ, juices of different natures, and greatly 
differing in colour and confidence. 

The veffels, whether common or proper, are retained in 
their feveral directions by the ligneous fibres; they are ev"ery 
where furrounded by the cellular tiffue ; they open, and 
pour their fluid into glands, into the cellular tiffue, and into 
the utricules, to anfwer the various functions. 

The utricules are fmall veffels or repofitories which con- 
tain the pith, and frequently the colouring matter. They 
form a kind of repofitory in which the nutritive juice of the 
plant is preferved, and whence it is taken on occafion ; in 
the fame manner as the collection of marrow is formed in 
the internal part of the bones, whence it is afterwards 
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extracted when the animal is not fufficiently fupplied with 
nutriment. 

3. The trachea, or air veflels, appear to be the organs of 
refpiration, or rather thofe which receive the air, and faci- 
litate its abforption and decompolition. They are called tra- 
cheae on account of the refemblance which is thought to exift 
between them and the refpiratory organs of infects. \\\ or- 
der to obierve them, a branch of a tree is taken fufficiently 
young to break off fhort : after having cleared away 
bark without touching the wood, the bough is broken by 
drawing the two extremities in oppofite directions ; the tra- 
cheae are then feen in the form of fmall corkferews, or veflels 
turned in a fpiral direction. It is generally fuppofedthat the 
large pores which are perceived in the tranfverie lection of a 
plant, viewed in the microfcope, are merely air veflels. It 
often happens that the fap is extravafated in the cavity of the 
tracheae ; and they appear incapable of ferving any other 
purpofes than that of conveying the air, at lead for fome 
time, unlefs a change takes place in the life of the plant. 

ARTICLE IV. 

Concerning; the Glands. 

Small protuberances are obferved upon various parts of 
vegetables. Thefe are glandular bodies whofe form is pro- 
digioufly varied. It is more particularly upon this variati- 
on of form, that Mr. Geuttard has grounded his feven 
fpecies. They are almoft always fdled with a humour, 
whofe colour and nature are Angularly varied. 



SECTION II. 

Concerning- the Nutritive Principles of Vegetables. 



^F plants were to perform no other act than that 
of pumping the nutritive principles they contain out of the 
earth ; if they did not poffefs the faculty of digefting, aflimi- 
lating them, and forming different products, according to 
their nature, and the diverfity of their organs ; it would fol- 
low, as a confequence, that we ought to find in the earth all 
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thofe principles which analyfis exhibits to us in vegetables: a 
conclufion which is contradicted by the facts ; for we fhall 
hereafter prove that the production of vegetable earth is an 
effect of the organization of plants, and that it owes its for- 
mation to them inftead of communicating principles ready 
formed to thofe individuals. If it were true that plants did 
nothing but extract their component parts out of the earth, 
thofe plants which grow on the fame foil would poffefs the 
fame principles, or at leaft the analogy between them would 
be very great ; whereas we find plants of very different vir- 
tues and flavours grow and flourifli befide each other. In 
addition to this we may obferve, that fuch plants as are rai- 
fed in pure water — the fat plants, which grow without being 
fixed to the earth, provided they are placed in a moift atmo- 
fphere — the clafs of parafitical plants, which do not partake 
of the properties of thofe which ferve to fupport them — > 
prove that a vegetable does not derive its juices from the 
earth, on account of its being earth ; but that it poflefTes an 
internal alterative and affimilating power, which appropriates 
to each individual the aliment which is fuitable to it, at the 
fame time that it difpofes and combines that aliment to form 
certain peculiar principles. This digeftive virtue will ap- 
pear to be aftonifhingly perfect, when it is confidered that 
the nutriment common to all vegetables is very little va- 
ried, fince we know only of the water and air ; and confe- 
quently that it poffeffes the power of forming very different 
products with thefe two fimple principles. But from this 
circumftance, that the nutritive principles of plants are very 
fimple, it mufi: be prefumed that, in the various refults of 
digeftion, or (which is the fame thing) in the vegetable 
folids and fluids, there muft be the greateft analogy ; and 
that the differences are deducible from the proportion of the 
principles, and their more or lefs perfect combination, ra- 
ther than from their variety. With this intention we fhall 
carefully obferve the tranfition from one principle to ano- 
ther ; and fhall explain the art of reducing them all to cer- 
tain elementary or primitive fubftances, fuch as the fibrous 
matter, mucilage, &c. 

<* R 
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ARTICLE I. 

Concerning Water, as a NeutrhiyePiinciplt of J'l 

Every one knows that a plant cannot vegetate with- 
out the affiilance of water : but it is not fo generally- 
known that this is the only aliment which the root draws 
from the earth ; and that a plant can live, and propagate 
itfelf, without any other affiilance than the contact of water 
and air. It appears to me, nevertheless, that the following 
experiments remove every doubt on this fnbject : Van Hcl- 
rnont planted a willow, weighing fifty pounds, in a certain 
quantity of earth covered with ffieet lead : he watered it for 
five years with di Hilled water ; and at the end of that time 
the tree weighed one hundred fixty-nine pounds three ounces 
and the earth in which it had vegetated was found to have 
fuffered a lofs of no more than three ounces. Boyle repeated 
the fame experiment upon a plant, which at the end of two 
years weighed fourteen pounds more, without the earth in 
which it had vegetated having loll any perceptible portion 
of its weight. 

MefTrs. Duhamel and Bonnettfupported plants with mofs, 
and fed them with mere water : they obferved that the vege- 
tation was of the moft vigorous kind ; and the naturalift 
of Geneva obferves, that the flowers were more odoriferous, 
and the fruit of a high flavour. Care was taken to change 
the fupports before they could fuller any alteration. Mr. 
Tillet has likewife railed plants, more efpecially of the gra- 
mineous kind, in a fimilar manner; with this difference only, 
that his fupports were pounded glafs, or quartz in powder. 
Hales has obferved that a plant which weighed three pounds 
gained three ounces after a heavy dew. Do we not every 
day obferve hyacinths and other bulbous plants, as well as 
gramineous plants, raifed in faucers or bottles containing 
mere water. 

All plants do not demand the fame quantity of water; and 
nature has varied the organs of the feveral individuals con- 
formably to the neceffity of their beingfupplied with this food. 
Plants which tranfpire little, fuch as the mofles and the 
lichens, have no need of a confiderable quantity of this fluid ; 
and accordingly they are fixed upon dry rocks, and have 
Scarcely any roots ; but plants which require a larger quan- 
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tity have roots which extend to a great diftance, and abforb 
humidity throughout their whole iurfr.ee. 

The leaves of plants have likewife the property of abfoib- 
ing water, and of extracting from the atmofphere the lame 
principle which the root draws from the earth. But plants 
which live in the water, and as it were fvviui in the element 
which ferves them for food, have no need of roots ; they 
receive the fluid at all their pores : and we accordingly 
find that the fucus, the ulva, &c. have no roots what- 
ever. The purer the water, the more falutary it is to 
plants. Mr. Duhamel has drawn this confequence from a 
leries of well-made experiments, by which he has proved 
that water impregnated with falts is fatal to vegetation. Hales 
caufed them to abforb various fluids, by making incifions in 
their roots, and plunging them in fpirits of wine, mercury, 
and various faline fblutions ; but he was convinced that thefe 
were all poifons to the vegetables. Be/ides, if thefe falts 
were favourable to the plants, they would be again found 
in the individual which had been watered with a folution of 
them ; whereas Meffrs. Thouvenel andCornette have proved 
that thefe falts do not pafs into the vegetable. We muft, 
neverthelefs, except the marine plants, becaufe the fea fait 
of which they have need is decompofed in them ; and pro- 
duces a principle which appears neceffary to their exif- 
tence, fince they languifh without it. 

Though it is proved that pure water is more proper for 
vegetation than water charged with falts, it muil not on that 
account be concluded that water cannot be difpofed in a more 
favorable manner to the development of vegetables, by charg- 
ing it with the remains of vegetable and animal decompo- 
fition. If, for example, the water be loaded with principles 
difengaged by fermentation or putrefaction, the plant then 
receives juices already aihrnilated to its nature ; and thefe 
prepared aliments mult haften its growth. Independent of 
thofe juices already formed, the nitrogene gas, which confti- 
tutes one of the nutritive principles of plants, and is abun- 
dantly afforded by the alteration of vegetables and animals, 
muft facilitate their development. A plant fupported by the 
remains of vegetables and animals isinthefamefituationasan 
animalfedon milkonly; its organs have lefs difficulty inelabo- 
ratingthis drink than that which has not yet been anamalizcd. 
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The dung which is mixed with earths, and decompofed, 
not only affords the alimentary principles we have fpoken 
of; but likewife favours the growth of the plant by that 
conftant and fteady heat which ulterior decompofition pro- 
duces. Thus it is that Fabroni affirms his having obferved 
the development of leaves and flowers, in that part of a 
tree only, which was in the vicinity of a heap of dung. 

ARTICLE II. 

Concerning Earth, and its Influence in Vegetation. 

Although it be well proved that pure water is fufficient 
for the fupport of plants, we mult not confider the earth as 
of no ufe. Its utility refembles that of the placenta, which 
of itfelf affords no fupport to the life of the infant, but which 
prepares and difpofes the blood of the mother to become a 
fuitabie nourifhment : or it refembles, and has a fimilar uti- 
lity with the various refervoirs which nature has placed in 
the body of man, to preferve the feveral humours, and 
emit them upon occafion. The earth imbibes and retains 
water ; it is the refervoir deftined by nature to preferve the 
elementary juice which the plant continually requires ; and 
to furnifh that fluid in proportion to its wants, without ex- 
pofing it to the equally fatal alternatives of being either 
inundated or dried up. 

We even fee that, in the young plant or embryo, nature 
has not chofen to entrufl the labour of digeftion to the ftill 
feeble germen. The feed is formed of a parenchyma, which 
imbibes water, elaborates it, and does not tranfmit it to the 
germen until it is reduced into juice or humour. Bv infen- 
fible gradations this feed is deflroyed ; and the plant, be- 
comes fufEciently ftrong, performs the work of digeilion with- 
out affiftance. In the fame manner it is that we perceive 
the fcetus fupported in the womb of its mother by the hu- 
mours of the mother herfelf; but, when it has feenthe light, it 
receives for nourifhment a fluid lefs anamalized, its organs 
are gradually flrengthened, and at length become capable 
of digeffing a ftronger and lefs affimilated nourifhment. 

But on this very account, that the earth is dellined to 
tranfmit to the plant that water which is to fupport it, the 
nature of the foil cannot be a matter of indifference, but 
muff be varied accordingly as the plant requires a more or 
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Iefs confiderable quantity of water, accordingly as it demands 
more or lefs in a given time, and accordingly as its roots 
extend to a greater or lefs diftance. It may therefore be 
immediately perceived that every kind of earth is not fuit- 
able for every plant, and confequently that a flip cannot 
be grafted indifferently upon every fpecies. 

A proper foil is that — i. Which affords a fufficiently firm 
fupport to prevent the plant from being fhaken. 2. Which 
permits the roots to extend themfelves to a dillance with eafe. 
3. Which becomes impregnated with humidity, and retains 
the water fufficiently that the plant may not be without it 
when wanted. — To anfwer thefe feveral conditions, it is ne- 
ceflary to make a proper mixture of the primitive earths, for 
none of them in particular poffefles them. Siliceous and 
calcareous earths may be confidered as hot and drying, the 
argillaceous as moift and cold, and the magnefian as poflef- 
fing intermediate properties. Each in particular has its 
faults, which render it unfit for culture : clayabforbs water, 
but does not communicate it ; calcareous earth receives and 
gives it too quickly : but the properties of thefe earths are fo 
happily oppofed, that they correal: each other by mixture. 
Accordingly we find that, by adding lime to an argillaceous 
earth, this laft is divided ; and the drying property of the 
lime is mitigated, at the fame time that the iliffnefs of the 
clay is diminiflied. On thefe accounts it is that a Jingle 
earth cannot conftitute manure ; and that the character of 
the earth intended to be meliorated ought to be ftudied, be- 
fore the choice of any addition is decided on. Mr. Tillet 
has proved that the belt proportions of a fertile earth for 
corn, are three-eighths of clay, two-eighths of fand, and 
three-eighths of the fragments of hard (tone. 

The advantage of tilling confifls in dividing the earth, 
aerating it, deftroying ufelefs or noxious plants, and convert- 
ing them into manure, by facilitating their decompofition. 
Before we had acquired a knowledge of the conflituent 
principles of water, it was impoflible to explain, or even to 
conceive, the growth of plants by this fingle aliment. In 
fact, if the water were an element, or indecompofable prin- 
ciple, it would afford nothing but water in entering into the 
nutrition of the plant, and the vegetable would of courfe 
exhibit that fluid only : but when we confider water as formed 
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by the combination of the ovigenous and hydrogenous gafes 
it is eafily underftood that this compound is reduced to its 
principles ; and that the hydrogenous gas becomes a princi- 
ple of the vegetable, while the oxigene is thrown off by the 
vital forces. Accordingly we lee the vegetable almofl en- 
tirely formed of hydrogene. Oils, refins, and mucilage, 
confjft of icarcely any thing but this fubllance ; and we per- 
ceive the oxigenous gas efcape by the pores, where the action 
of light caufes its difengagement. This decompofition of 
water is proved not only in vegetable, but likevvife in animal 
bodies. Rondelet (Lib de Pise. lib. i. cap. 12.) cites a 
great number of examples of marine animals which cannot 
fubfift but by means of water, by the very conllitution 
of their organs. He affirms that he kept, during three years, 
a fifh in a veffel conftantly maintained full of very pure wa- 
ter : it grew to fuch a fize, that at the end of that time the 
veflel could no longer contain it. He relates this as a very 
common fact. We likewife obferve the red fifhes, which 
are kept in glafs veffels, are nourifhed, and grow, without 
any other affiftance than that of the water properly renewed. 

ARTICLE 111. 

Concerning Nitrogenous Gas, as a Nutritive Principle of Plants. 

Vegetables cannot live without air, but the air they require 
is not the fame as is appropriated to man. Drs. Prieftley, 
Ingenhoufz, and Mr. Senebier, have proved that it is the 
nitrogenous gas which more particularly ferves them for 
aliment. Hence it arifes that vegetation is more vigorous 
when a greater quantity of thofe bodies which afford this 
gas by their decompofition are prefented to the plant ; thefe 
are, animals or vegetables in a ftate of putre faction. As 
the balis of nitrogenous gas is unknown to us, it is difficult 
to conceive what may be its effect upon the vegetable cecono* 
my, and we cannot follow it after its introduction into the 
vegetable. We do not find it again until the decompofition 
of the vegetable itfelf, when it re-appears in its gafeous form. 

ARTICLE IV. 

Concerning the Carbonic Acid, as a Nutritive Principle of Vegetables. 

The carbonic acid which is difperfed in the atmofphere, 



Nutrition of Vegetables. 453 

or in waters, may likewife be confidered as an aliment of 
plants ; for thefe bodies poffefs the power of abforbing and 
decompofing it when its quantity is fmall. The bafe of this 
acid even feems to contribute to the formation of vegetable 
fibres : for I have obferved that this acid predominates in the 
fungus, and other fubterraneous plants. But by caufing 
thefe vegetables, together with the body upon which they 
were fixed, to pafs by imperceptible gradations from an al- 
moft abfolute darknefs into the light, the acid very nearly 
difappeared ; the vegetable fibres being proportionally in- 
creafed, at the fame time that the refin and colouring prin- 
ciples were developed by the oxigene of the fame acid. 
Senebier has obferved, that the plants which he watered 
with water impregnated with the carbonic acid, tranfpired 
a much greater quantity of oxigenous gas ; which proves a 
decompofition of the carbonic acid. 

Vegetation may therefore be fuccefsfully employed to 
correct air too highly charged with carbonic acid, or in 
which the nitrogenous gas exills in two great a proportion. 

ARTICLE V. 

Concerning Light, and its Influence on Vegetation. 

Light is abfolutely neceflary to plants. Without the aflift- 
ance of this principle they become pale, languiflt, and die. 
But it has not been proved that it enters as an aliment into 
their compofition : at mofl it may be confidered as a ftimu- 
lus or agent which decompofes the various nutritive prin- 
ciples, and feparates the oxigenous gas arifing from the de- 
compofition of water, or the carbonic acid, while their 
bafes become fixed in the plant itfelf. 

The molt immediate effect of the fixation of the various 
fubftances, and the concretion of the liquids, which ferve as 
the food of plants, is a fenfible production of heat, which 
caufes plants to participate very little in the temperature of 
the atmofphere. Dr. Hunter obferved, by keeping a ther- 
mometer plunged in a hole made in a found tree, that it con- 
ftantly indicated a temperature feveral degrees above that of 
the atmofphere, when it was below the fifty-fixth divifion 
of Fahrenheit ; whereas the vegetable heat in hotter weather, 
was always feveral degrees below that of the atmofphere. 
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The fame philofopher has likewife obferved, that the fap 
which out of the tree, would freeze at 32 °, did not freeze 
in the tree unlefs the cold were augmented 15 ° more. 

The vegetable heat may increafe or diminifh, by feveral 
caufes, of the nature of difeafe ; and it may even become 
perceptible to the touch in very cold weather, according to 
Mr. Buffon. 

The heat produced in healthy vegetables, by the before- 
mentioned caufes continually tempers the cold of the atmo- 
fphere: the evaporation whichtakes place through the whole 
body of the tree, continually moderates the fcorching heat 
of the fun ; and thefe productive caufes of cold or heat are 
more effectual, in proportion as the heat or cold of external 
bodies acts with greater energy. 

The property which plants poffefs of converting nitroge- 
nous gas and carbonic acid into nourifhment, eftablifhes an 
aftonifhing degree of analogy between them and certain in- 
fects. It appears, from the obfervation of Frederic German 
(Ephem. des Curiof. Nat. Annee 1670), that^the air may 
become a real food for the clafs of fpiders. The larvse of 
the ant, as well as of feveral infects of prey which live in 
the fand, increafe in bulk, and undergo their metamor- 
phofes without any other nouriihment than that of the air. 
It has been obferved that a great number of infects, par- 
ticularly in the Hate of larva?, are capable of living in the 
nitrogenous gas, mixed with carbonic acid, and tranfpiring 
vital air. The abbe Fontana has obferved that feveral in- 
fects poffefs this property ; and Ingenhousz, who is of opi- 
nion that the green matter which is formed in water, and 
tranfpires oxigenous gas by the light of the fun, is a clufler 
of animacula, has added to thefe phenomena. 1 nfects have 
moreover the organ of refpiration diltributed over the whole 
furface of their bodies. Here therefore we obferve feveral 
very allonifhing points of analogy between infects and ve- 
getables ; and the chemical analyfis adds Hill more to thefe 
refemblances, fmce infects and vegetables afford the fame 
principles ; namely, volatile oils, refins, difengaged acids, 



[ 455 ] 



SECTION III. 

Concerning the Refults of Nutrition, or the Vegetable Piiiciple:. 



HE various fubftances which afford food to 
plants, are changed by the organization of the vegetable ; 
from which there refults a fluid generally diftributed, and 
known by the name of Sap. This juice; when conveyed 
into the feveral parts of the plant, receives an infinity of 
modifications, and forms the feveral humours which are fe- 
parated and afforded by the organs. It is to thefe princi- 
ples chiefly that we are at prefent about to direct our atten- 
tion ; and we mall endeavour in our examination to fol- 
low the moft nacural order, by fubjecling them to analyfis in 
the fame order as that in which nature prefents them to us. 

ARTICLE II. 
Concerning Mucilage. 

Mucilage appears to conftitute the firft alteration of the 
alimentary juices in vegetables. Moft feeds are aim oft to- 
tally refolvable into mucilage, and young plants feem to be 
entirely formed of it. This fubftance has the greateft ana- 
logy with the mucous fluid of animals. Like that fluid, it 
is moft abundant in the earlier periods of life, and all the 
other principles appear to be derived from it ; and in ve- 
getables, as well as animals, its quantity becomes lefs in 
proportion as the increafe of magnitude, or growth of the 
individual, becomes lefs, or ceafes. Mucilage is not only 
the nutritive juice of plants and animals ; but, when ex- 
tracted from either, it becomes the moft nourifhing and 
wholefome food we are acquainted with. 

Mucilage forms the bafis of the proper juices, or the fap 
of plants. It is fometimes found almoft entirely alone, as 
in mallows, the feeds of the wild quince, linfeed, the feeds 
of thlalpi, &c. Sometimes it is combined with fubftances 
infoluble in water, which it keeps fufpended in the form of 
an emulfion ; as in the euphorbium, celandine, the convol- 
vulus, and others. In other inftances it is united with an 
oil and forms the fat oils. Frequently it is united with fugar- 
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as in the gramineous feeds, the fugar-cane, maize, can 
&c. It is like wife found confounded with the effential falts, 
withexcefs of acid, as in barberries, tamarinds, forrel, &.c. 

Mucilage fometimes conftitutes the permanent ftate of the 
plant ; as in the tremella, the conferva, fome lichens, and 
mod of the champignons. This exigence in the form of 
mucilage is likewife feen in certain animals ; ftich as the 
medufa or fea-nettle, the holothurion, £kc. 

The characters of mucilage are — 1. Infipidity. 2. Solu- 
bility in water. 3. Infolubility in alcohol. 4. Coagulation 
by the aclion of weak acids. 5. The emiflion of a confider-" 
able quantity of carbonic acid, when expofed to the aclion 
of fire ; at the fame time that it becomes converted into coal, 
without exhibiting any flame. Mucilage is likewife capable 
of palling to the acid fermentation when diluted with water. 

The formation of mucilage appears to be almoft indepen- 
dent of light. Thole plants which grow in fubtcrrane- 
ous places abound with it. But light is required to enable 
mucilage to pais to other ftates ; for, without the affiftance 
of this principle, the fame plants would obtain fcarcely any 
confidence. 

That which is called gum, or gummy juices, in commerce, 
is nothing but dried mucilage. Thefe gums are three in 
number. They either flow naturally from the trunk of the 
tree which affords them, or they are obtained by incilion of 
the bark. 

1. Gums of the country ,Gummi nostras. — This gum flows 
naturally from certain trees in our climate, fuch as the plumb, 
the peach, the cherry-tree, &c. It firlt appears in the form 
of a thick fluid, which congeals by expofure to the air, and 
lofes the adhefive and gluey confidence which characterizes 
it in the liquid Hate. Its colour is white, but more com- 
monly yellow or reddifh. When pure, it may be advan- 
tageoufly fubflituted for gum arabic, which is much dearer. 

2. Gum arabic. — The gum arabic flows naturally from 
the acacia in Egypt and Arabia. It is even affirmed that it 
is not obtained from this tree only, but that the gum met 
with in commerce is the produce of feveral trees. The ap- 
pearance of this gum is in round pieces, white and tranfpa- 
rent, wrinkled without and hollow within ; it is likewife 
foundinround pieces varioufly contorted. This gum iseafily 
foluble in water, and forms a tranfparent jelly called muci- 
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lage. It is much ufed in the arts and in medicine. It is 
mild, void of fmell or tafte, very well adapted to ferve as 
the bafis of paftils, and other preparations ufed as mitigating 
or foftening remedies. 

3. Gum adragant. — The gum adragant is nearly of the 
fame nature as gum arable. It flows from the adragant 
of Crete, a {mail fhrub not exceeding three feet in height. 
It comes to us in fmall white tears, contorted, and refemb- 
ling little worms. It forms with water a thicker jelly than 
gum arabic, and may be ufed for the fame purpoies. 

If the roots of marfhmallows or of the confolida, linfeeci, 
the kernels of the wild quince (coing), &x. be macerated in 
water for a time they afford a mucilage fimilar to that of 
gum arabic. 

All thefe gums afford by diftillation, water, an acid, a 
fmall quantity of oil, a fmall quantity of ammoniac or vola- 
tile alkali, and much coal. This {ketch of analyfis proves 
that mucilage is compofed^only of water, oil, acid, carbone, 
and earth ; and fhewsthat the various principles of the ali- 
mentary juices, fuch as water, the carbonic acid, an nitro- 
gene gas, are fcarcely changed in this fubftance. 

Gums are ufed in the arts and in medicine. In the arts 
they are applied to give a greater degree of confidence to 
certain colours, and to fix them more permanently upon 
paper ; they are alfo ufed as a p reparation to give a firmer 
body to hats, ribbonds, taffetas, &c. Stuffs dipped in gum 
water acquire a luftre and brightnefs ; but water, and the 
handling of thefe goods, foon dellroy the illulion ; and thefe 
precedes are claffed among thole which nearly approach to 
impofition and deceit. Gum is likewife the bafis of moft 
kinds of blacking ufed for fhoes, boots, and the like. 

The gums are ordered in medicine as emollients. They 
compofe the bafis of many remedies of this kind. The mu- 
cilage of linfeed, or of the kernels of wild quinces, is of 
value in allaying inflammations. 

ARTICLE II. 

Concerning Oils. 

By common confent the name of Oil is given to fat unc- 
tuous lubilances, more or lefs fluid, infoluble in w r ater, and 
eombuftible.' 



Fixed and Volatile Oils. 

Theic products appear to belong exclufively to animal': 
Vegetables. The mineral kingdom exhibits only a ! 
Lances of this nature, which pofiefs fcarcely any of the 
above properties, fuch as the undtuous property. 

Oils are diftinguifhed, relative to their fixity, into fat oils, 
and oils. We fl:all deicribe them in this article 

s o ; Fixed Oils and Volatile Oils. The dif- 
ference between theic two kinds of oils do not merely con- 
in then; various degrees of volatility, but alio in their 
habitudes with the feveral re-agents. The fixed oiis are 
luble in alcohol, but the volatile oils are ealily dUlolved : 
the fixed oils are in general mild; while the volatile, are 
■c:: id and even cau'lie. 

It appears neverthelefs that the oily principle is the fame 
in both ; but it is combined with mucilage in the fixed oils, 
anc] with the fpiritus rector, or aroma, in the volatile oils. 
By burning the mucilage of fixed oils by diflillation, they 
become more and more attenuated; the fame may likewife 
be done by means of water, which dillolves this principle. 
By diftillinsg volatile oil with a frnall quantity of water, by 
the gentle heat of a water bath, the aroma is feparated ; 
and this may be again reftored by re-diftilling it with the 
odorant plant which originally afforded it- 
Volatile oil is ufually found in the molt odorant part of 
any plant. In umbelliferous plants it is found in the feed ; 
in the geum, the root affords it ; and in the labiated plants it 
is found in the branches and leaves. The fm.ilitude be- 
tween volatile oils and ether, which appears to be merely a 
combination of oxigene and alcohol, proves that the volatile 
oils may be nothing but a combination of the fermentefcible 
bafis of fugar with oxigene. Hence we may form a notion 
how oil is formed in the diftillation of mucilage and of fugar ; 
and we mail no longer be furprifed to find that the volatile 
oils are acrid and corrofive, that they redden blue paper, 
attack and deftroy cork, and approach to the properties of 
acids. We mall now proceed to treat of fixed and volarile 

oils feparatelv. 

DIVISION I. 

Concerning Fixed Oils. 

Moft of the fixed oils are fluid ; but the greater numbe 1 " 
capable of paffing to the itate of folidity, even by a 
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moderate degree of cold. There are fome which conflantly 
poflefs that form in the temperature of our climates ; fuch 
as the butter of cacao, wax, and the pela of the Chinefe. 
They all congeal at diile rent degrees of cold. Olive oils 
become folid at io below zero of Reaumur ; oil of almonds 
at the fame degree ; but nut-oil does not freeze in our 
climates. 

The fixed oils poflefs a very evident degree of uii&uofity, 
do not mix either with water or alcohol, are volatilized at a 
degree of heat fu peri or to that of boiling water, and when 
volatilized they take fire by the contact of an ignited body. 

The fixed oils are contained in the kernels of fhell fruits 
or nuts ; in the pippins, and fometimes in all the parts of 
fruits, fuch as olives and almonds, all v/hofe parts are capa- 
ble of affording them. 

The oil is ufually made to flow by expreflion out of the 
cellules which contain it : but each fpecics requires a dif- 
ferent management. 

i. Olive oil is obtained by expreflion from the fruit of 
the olive tree. The procefs ufed by us is very fimplc. The 
olive is crufhed by a mill (tone, placed vertically, rolling 
upon an horizontal plane. The paite thus formed is ftrongly 
pre (Ted in a prefs ; and the firft oil which comes out is call- 
ed Virgin Oil. The marc or pulp is then moiftened with 
boiling water ; the male is again prefled ; and the oil which 
floats upon the water carries with it part of the parenchyma 
of the fruit, and a great part of the mucilage, from which it 
is difficultly cleared. 

The difference in the kind of olive produces a difference 
in the oil ; but the concurrent circumftances likewife eflab- 
lifh other differences. If the olive be not fufficiently ripe, 
the oil is bitter; if it be too ripe, the oil is thick and gluti- 
nous. The method of extracting the oil has a very great 
influence on its quality. The oil mills are not kept fuffi- 
ciently clean ; the mill-flones, and all the utenfils, are im- 
pregnated with a rancid oil, which cannot but communicate 
its flavour to the new oil. In fome countries it is ufual to lay 
the olives in heaps, and fuffer them to ferment before the 
oil is drawn. By this management the oil is bad ; and this 
procefs can only be ufed for oil intended for the lamp or for 
the foap-boiler. 

2. Oil of almonds is extracted from that fruit by expref- 
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lion. For this purpofe dry almonds are put into a coarfe 
lack, and agitated rather ftrongly, to difengage an acrid 
powder which adheres to the fkin. They are then pounded 
in a marble mortar into a pafte, which is wrapped in a coarfe 
cloth, and fubjected to the prefs. 

This oil is greenifh and turpid when frefh, becaufe the ac- 
tion of the prefs caufes part of the mucilage to pafs through 
the cloth ; as it becomes older it is clearer, but is acrid by 
the decompofition of the fame mucilage. 

Some perfons throw almonds into hot water, or expofe 
them to fleam, before they prefs them ; but this addition of 
water difpofes the oils to become rancid more fpeedily. 

By this procefs the oil of all kinds of almonds, nuts, and 
feeds, may be extracted. 

3. Linfeed oil is extracted from the feed of the plant li- 
num. As this feed contains much mucilage, it is torrefied 
before it is fubjected to the prefs. This previous treatment 
gives the oil a difagreeablc empyreumatic flavour : but at 
the fame time deprives it of the property of becoming ran- 
cid, and renders it one of the mod drying oils. All muci- 
laginous feeds, all kernels, and the feeds of henbane and of 
the poppy, ought to be treated in the fame manner. 

If a fat oil be diftilled in a proper apparatus of veffels, the 
product is, phlegm ; an acid; a fluid or light oil, which be- 
comes thicker towards the end ; much hydrogenous gas, 
mixed with carbonic acid ; and a coaly refidue, which af- 
fords no alkali. I have obferved that the volatile oils afford 
more hydrogenous gas, and the fixed more carbonic acid : 
this laft product depends on the mucilage. By diftilling the 
fame oil repeatedly, it is more and more attenuated, becomes 
very limpid and very volatile, with the only difference that it 
has required the peculiar odour communicated by the fire. 
The volatilization of the oil may be accelerated by dillilling 
it from an argillaceous earth ; by this means it is in a fhort 
time deprived of its colouring part: and the heavy oils which 
afford bitumens, when diftilled once or twice from clay alone, 
fuch as that of Murviel, are rendered perfectly colourlcfs. 
The ancient chemifts prepared oleum philosophorum by dif- 
tilling oil from a brick previoufly impregnated with it. 

1. Oil eafily combines with oxigene. This combination 
is either flow or rapid. In the firft cafe, rancidity is the 
confequence ; in the fecond inflammation. 
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Fixed oil expofed for a certain time to the open air, ab- 
forbs the oxigenous gas, and acquires a peculiar odour of 
fire, an acrid and burnt tafte, at the fame time that it be- 
comes thick and coloured. If oil be put in contact with 
oxigene in a bottle, it becomes more fpeedily rancid, and 
the oxigene is abforbed. Scheele obferved the abforption of 
a portion of the air before the theory was well afcertained. 
Oil is not fubject to alteration in clofed veffels. 

It fee ms that oxigene, combined with the mucilage, con- 
flitutes rancidity ; and that, when combined with the oil 
itlelf, it forms drying oil. 

The rancidity of oils is therefore an effect analogous to 
the calcination or oxidation of metals. It eflentially de- 
pends on the combination of pure air with the extractive 
principle, which is naturally united with the oily principle. 
We may carry this inference to demonftration, by attend- 
ing to the proceffes ufed to counteract or prevent the ran- 
cidity of oils. 

A. When olives are prepared for the table, every en- 
deavour is ufed to deprive them of this principle, which de- 
termines their fermentation ; and for this purpofe various 
methods are ufed. In fome places they are macerated in 
boiling water, charged with fait and aromatics ; and, after 
twenty-four hours digeftion, they are fleeped in clear water, 
which is renewed till their tafte is perfectly mild. Sometimes 
nothing more is done than to macerate the olives in cold 
water ; but they are frequently macerated in a lixivium of 
quick-lime and wood afhes, after which they are warned in 
clear water. But inwhatevermannerthe preparations made, 
they are preferved in a pickle charged with fome aromatic 
plant, fuch as coriander and fennel. Some perfons preferve 
them whole ; others fplit them, for the more complete ex- 
traction of their mucilage, and in order that they may be 
more perfectly impregnated with the aromatics. 

All thefe proceffes evidently tend to extract the mucila- 
ginous principle, which is foluble in water, and by this 
means to preferve the fruit from fermentation. When the 
operation is not well made, the olives ferment and change. 
If olives be treated with boiling water, to extract the muci- 
lage, before they are fubmitted to the prefs, a fine oil will 
be obtained, without danger of rancidity. 

T 
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B. When the oil is made, if it be ftrottgly agitated in 
Water, the mucilaginous le is difeng and the 

oil may be afterwards preferred for a long time without 
change. I have preferved oil of the marc of olives, prepared 
in this manner, for feveral year;,, in open bottles, without 
any alteration. 

C. The torrefaction to which feveral mucilaginous feeds 
are fubjected before the extraction of the oil, renders them 
lefs fufceptible of change, becaufe the mucilage has been 
deftroyed, 

D. M. SiefFert has propofed to ferment oils with apples 
or pears, in order to deprive rancid oils of their acrimony. 
By this means they are cleared of the principle which had 
combined with them, but now becomes attached to other 
bodies. 

Mucilage may therefore be confidered ae the feed of fer- 
mentation. 

"When the combination of the pure air is favoured by the 
volatilization of the oil, inflammation and combultion arc 
then the cenfequence. To carry this combination into effect, 
the oil mult be volatilized by the application of a heated 
body ; and the flame which is produced is then fufficient to 
maintain the degree of volatility, and fupport the combultion. 
When a current of air is caufed to pals through the middle 
of the wick and the flame, the great quantity of oxigene 
which mull then neceffarily pafs, ocealions a more rapid 
combultion. Hence it is that the light is ftronger, and with- 
out fmoke ; for this is deftroyed and confumed by the violent 
heat which is excited. 

The lamps of Palmer are likewife entitled to our parti- 
cular attention. By cauGng the rays to pafs through a liquor 
coloured blue ; he perfectly imitates the light of the clay ; 
which proves that the artificial rays require to be mixed 
with the blue, to imitate the natural ; and the folar rays 
which pafs through the atmofphere, may owe their colour 
to their combination with the blue colour which appears to 
predominate in the air. 

If water be projected upon oil in a llate of inflammation, it 
is known that extinction does not happen, becaufe the wa- 
ter is decompofed in this experiment. If the product of the 
combultion of oil be collected, much water is obtained, l;e- 
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caufe the combination of its hydrogene with oxigene pro- 
duces that fluid. 

Mr. Lavoifier has proved that one pound of olive oil con- 
tains, 

Goal or carbone, 12 ounces, 5 gros, 5 grains; 

Hydrogene, - 3 — 2 67. 

The art of rendering oils drying, likewife depends on the 
combination of oxigene with the oil itfelf. For this purpofe, 
nothing more is required than to boil it with oxides. If an 
oil be heated upon the red oxide of mercury, a confidera- 
ble ebullition enfues, the mercury is reduced, and the oil 
becomes very drying : this is an obfervation of Mr. Puy- 
maurin. The oxides of lead or copper are commonly ufed 
for this purpofe. An exchange of principles takes place 
in this operation ; the mucilage combines with the metal, 
while the oxigene unites with the oil. 

Oil may likewife be combined with the metallic oxides 
by double affinity, after the manner of Berthollet. For this 
purpofe a folution of foap is poured into a metallic folution. 
By this means a foap of a green colour is prepared with a 
fulphate of copper ; and, with that of iron, a foap of a deep 
brown colour, of confiderable intenfity. 

It appears that, in the combinations of fixed oils with the 
oxides of lead, a fubftance is difengaged, and fwims at the 
top, which Scheele called the Sweet Principle, and feems to 
be fimply mucilage. 

2. Oil combines with fugar, and affords a kind of foap, 
which may be eafily diffufed in water, and kept fufpended. 
The trituration of almonds with fugar and water, forms the 
lac amygdale, orgeat, and other emulfions. Combinations 
of this kind exift ready formed in the vegetable kingdom. 

3. Oil unites readily with alkalis ; and the refult of this 
union is the well-known compound, foap. To this effect, 
pot-afll or pure alkali may be triturated with oil, and the 
mixture concentrated by fire. The medicinal foap is made 
with oil of fvveet almonds, and half its weight of pot-afh or 
cauftic alkali. The foap becomes hard by Handing. 

To make the foap of commerce, one part of good foda of 
Alicant mult be boiled with two of quicklime; in a fufficient 
quantity of water. The liquor is then to be llrained through 
a cloth ; and evaporated to that degree, that a phial which 

3T 
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contains eight of pure water, may hold eleven of the ialine 
lolution, which is ufually called Soap Lye or Lees. One 
part of this lixivium, and two of oil, boiled together, till 
upon trial with a fpatula it eafily feparates, and loon coagu- 
lates, form foap. 

In moll manufactories the lixivium is prepared without 
heat. Equal volumes of pounded foda of Alicant, and quick- 
lime previoufly flacked, are mixed together. Wateris thrown 
on this mixture, which filters through, and is conveyed in- 
to a proper veflel. Water is poured on till it pafles through 
without acquiring any more lalt. In this way thefe kinds of 
lyes are obtained, which differ in ftrength; that which pafles 
firft is the ftrongeit, and the laft is almoil mere water. Thefe 
are afterwards mixed with oil in boilers, where the mixture 
is favoured by heat. The weak lye is firft added, and after- 
wards gradually 'the ftronger ; and the ftrongeft is not ad- 
ded till towards the end of the procefs. 

To make the foap marbled, they make ufe of foda in the 
mafs, blue copperas, cinnabar, &x, according to the colour 
defired. 

A liquid green or black foap is likewife made by boiling 
the lixivium of foda, pot-afli, or even wood afhes, with the 
marc of the oils of olive, of nuts, or of nape; or with fat, 
or fifli oil, etc. The black foap is made in Picardy, and the 
green in Holland. The Marquis de Bouillon has propofed 
to make foaps with animal fat. 

At Aniane, and in the neighbourhood of Montpellier, a 
foft foap is prepared with cauflic lixivium of wood afhes 7 
and the oil or the marc of olives. 

If foap be expofed to diftillarion, the refult is water, oil, 
and much ammoniac; and there remains in the retort a large 
quantity of the alkali ufed in the fabrication of the foap. 
The ammoniac which is produced in this experiment ap- 
pears to me to arife from the combination of the hydrogen- 
ous gas of the oil with the nitrogene, a conftituent prin- 
ciple of the fixed alkali. 

Soap is foluble in pure water ; but it forms curds, and is 
decompofed in water abounding with fulphates : becaufe 
the fulphuric acid feizes the alkali of the foap ; while the 
earth combines with the oil, and forms a foap which fwimr> 
at the furface. 
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Soap is likewife foluble in alcohol by the afliftance of a 
gentle heat ; aud forms the effence of foap, or opodeldoc, 
which may be fcented at pleafure. 

Soaps are capable of combining with a larger quantity ol 
oil, and rendering it foluble in water. Hence their property 
of cleanfing cloths, linens, &c. They are ufed as deobftru- 
ents in medicine. 

4. The fixed oils unite likewife with acids. Meffrs. 
Achard, Cornette, and Macquer, have attended to thefe 
combinations. Achard gradually adds the concentrated ful- 
phuric acid to the fixed oil ; the mixture being triturated, a 
mafs is obtained which is foluble in water and in alcohol. 

The. fuming nitric acid immediately turns the fixed oils 
black, and fets fire to fuch as are drying. It is in this cafe 
clecompofed with a rapidity fo much the greater, as the oil 
has a greater affinity with the oxigene. On this account it 
is that the inflammation of the drying oils is more eafily ef- 
fected than that of the others. 

Thofe acids whofe conftituent parts adhere molt ftrongly 
together, have but a very feeble action on oils ; a circum- 
ftance which proves that the effect of acids upon oils is prin- 
cipally owing to the combination of their oxigene. 

It is by virtue of this ftrong affinity of oils with oxigene, 
that they poflefs the power of reviving metals. The oxigene 
then quits the metal, and unites with the oils, which become 
thick and coloured. It likewife follows from hence that 
drying oils ought to be preferred for this ufe ; and we find 
that practice agrees with theory in this refpect. 

DIVISION II. 
Concerning Volatile Oils, 

Fixed oil is combined with mucilage, volatile oil with the 
fpiritus rector, or aroma ; and it is this combination or mix- 
ture which conflitutes the difference between them. The 
volatile oils are characterized by a flrong fmell, more or lefs 
agreeable ; they are foluble in alcohol, and have a penetra- 
ting and acrid tafte. All the aromatic plants contain vola- 
tile oil, excepting thofe whofe fmell is very tranfient, fuch 
as jefTamine, violets, lilies, &c. 

The volatile oil is fometimes diftributed through the 
whole plant, as in the Bohemian angelica; fometimes it 



466 Volatile or Essential Gils. 

exifts in the bark, as in cinnamon. Balm, mint, and the 
greater abfinthium, contain their oils in the item and leaves ; 
elicampane, the iris of Florence, and the caryophyllata, in 
the root. All the refinous trees contain it in their young 
branches ; rofemary, thyme, and wild thyme, contain their 
effential oils in their leaves and buds ; lavender, and the rofe, 
in the calyx of their flowers ; camomile, lemon, and orange 
trees, in the petals. Many fruits contain it through their 
whole fubftance, fuch as pepper, juniper, he. Oranges 
and lemons in die zefi; and peeling which inclofe them. The 
feed of umbelliferous plants, fuch as anile and fennel, have 
the veficles of effential oil arranged along the projecting lines 
upon their fkin : the nutmeg tree contains its effential oil in 
the nut itlelf. — See IS Introduction a /' Etude du Rcgnc Vcg. 
par M. Buquet* p. 209 — 212. 

The quantity of volatile oil varies according to the /late 
of the plant. Some afford mod when green, others when 
dry ; but the latter conflitute the fmalleft number. The 
quantity likewife varies according to the age of the plant, 
the foil, the climate, and the time of extraction. 

The volatile oils likewife differ in their confiftence. Some 
are very fluid, as thofe of lavender, rofemary, and rue ; 
the oils of cinnamon and faffafras are thicker ; there are 
dome which conftantly preferve their fluidity : others which 
become concrete by the High tell imprellion of cold, as thofe 
of anifeed and fennel : others again poffefs the concrete 
form, fuch as thofe of rofes, of parfley, and of elicampane. 

The volatile oils likewife vary in their colour. The oil 
of roles is white; that of lavender, of a light yellow : that 
of cinnamon, of a brown yellow ; the oil of camomile is of 
a line blue ; that of millefoil, of a fea-green ; that of parfley, 
green, Sec. 

The weight is likewife different in the different kinds. The 
oils of our climates are in general light, and fwim upon wa- 
ter ; others are nearly of the fame weight ; and others are 
Iieavier, fuch as the oils of faffafras and of cloves. 

The fmells of effential oils vary according to thofe of the 
plants which produce them. 

The tafte of the volatile oils in general is hot ; but the 
tafle of the plant does not always influence that of the oil ; 
for example, the oil of pepper has no acrimony, and that 
which is obtained from wormwood is not bitter. 



Extraction of Volatile Oils, 467 

We are acquainted with two methods of extracting the 
volatile oils — expreflion and diftillation. 

1. Thofe oils which are, as it were, in a naked Hate, and 
contained in projecting and vifible receptacles, are obtained 
by expreffion. Such are thofe of citrons, oranges, cedrat, 
and bergamotte j the oil iffues out of the fkin of thefe fruits 
when preffed. It may therefore be procured by a-ftrong 
preflure of the peeling againfl an inclined glafs. In Provence 
and in Italy they are rafped ; by which means the veficles 
are torn, and the oil flows into the vcflel deftined to receive 
it : this oil fuffers the parenchyma which goes along with it 
to fubfide, and becomes clear by Handing. 

If a lump of fugar be rubbed againfl thefe veficles, it im- 
bibes the volatile oils ; and forms an olco-faccharum, foluble 
in water, and very proper to give an aromatic flavour to 
certain liquids. 

2. Diftillation is the method mod commonly ufedinthe 
extraction of volatile oils. For this purpofe, the plant or 
fruit which contains the oil is placed in the boiler or body of 
the alembic. A quantity of water is then poured in, fuffi- 
cient to cover the plant, and the water is heated to ebullition. 
The oil which riles with this degree of heat, comes over with 
the water, and is collected at the furface in a particular re- 
ceiver, called the Italian receiver, which fuffers the iurplus 
of water to efcape by a fpout iffuing from the belly of the 
veflel, whofe orifice is lower than that of the neck of the 
receiver ; fo that by this means the oil is collected in the 
neck, without a poflibility of its efcaping. 

The water which paffes over in diftillation is more or lefs 
charged with oil, and the odorant principle of the plant, and 
forms what is known by the name of Diftilled Water. Thefe 
waters ought to be returned again into the cucurbit when 
the fame kind of plant is again diitilled ; becaufe, being fa- 
turated with oil, and the aromatic principle, they contri- 
bute to augment the ulterior product. 

When the oil is very fluid or very volatile, it is neceflary 
to annex a worm pipe to the alembic, and to have the pre- 
caution of keeping the water at a very cold temperature; but 
when, on the contrary, the oil is thick, the worm pipe mull 
be removed, and the water of the refrigeratory kept at a 
moderate temperature. In the firft way, the oils of balm, 



468 Properties of Volatile Oils. 

mint, fage, lavender, camomile, &c. may be diftilled ; and 
by the fecond, the oils of rofes, of elicampane, of parfley, 
of fennel, of cumin, he. 

The oil of cloves may likewife be extracted by di filiation 
per defcenfum, which is determined by applying the fire 
above the material. 

Volatile oils are very fubjecl: to be adulterated, either by 
mixture with fat oils, or with other eflential oils, fuch as that 
of turpentine, which is cheaper ; or by mixing them with 
alcohol. In the firfl cafe the fraud is eafily detected — 1. 
By diftillation, becaufe volatile oils rife at the heat of boiling 
water. 2. By caufing blotting paper to imbibe fome of the 
mixture, and expofmg it to a degree of heat fuflicient to 
drive oft' the volatile oil. 3. By means of alcohol, which 
becomes turbid and milky by the infolubility of the fixed oil. 

The volatile oils which have a very ftrong fmell, fuch as 
thofe of thyme and lavender, are often fophifticated by oil 
of turpentine. In this cafe the fraud may be difcovered by 
foaking a fmall piece of cotton in the mixture, and leaving 
it expofed to the air a fuflicient time for the fmell of the good 
oil to be diffipated, and leave only that of the adulteration. 
The fame end may be anfwered by rubbing a fmall quantity 
of the mixture on the hand, in which the peculiar fmell of 
oil of turpentine is developed. Thefeoils are likewife falfified 
by digefling the plant in oil of olive before diftillation. In 
this manner the oil of camomile is prepared. 

The very light oils, fuch as thofe of cedrat or bergamotte, 
are often mixed with a fmall quantity of alcohol. This 
fraud is eafily detected by the addition of a few drops of wa- 
ter, which immediately become white, becaufe the alcohol 
abandons the oil to unite with the water. 

The volatile oils are capable of uniting with oxigene, 
with alkalis, and with acids. 

1. Volatile oils abforb oxigene with greater facility than 
the fixed oils. They become coloured by the abforption, 
grow thicker, and pais to the flate of refin ; and when they 
are thickened to this point, they are no longer capable of 
fermenting, but fecure from all putrefaclion fuch bodies as 
are penetrated and well impregnated with them. On this 
is founded the theory of embalming. — The action of acids 
upon thefe oils, caufes them to pafs to the ftate of refin ; and 
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there is no other difference between volatile oil and refin, 
than that which arifes from this addition of oxigene. 

All the oils, when they affu me the character of refin by 
this combination of oxigene, let fall needle-formed cryflals 
of camphor. Mr. Geoffroy has obferved them in the oil of 
fever-few, marjoram, and turpentine. Acad. 1721, p. 163. 

When the oil is changed by the combination of oxigene, 
it gradually lofes its fmell and volatility. To refcore this oil 
to its original ftate, it is diftilled. A thick matter remains 
in the diftilling veffel, which confifts of refin perfectly form- 
ed and is thus feparated from the oil, which has not yet un- 
dergone the fame alteration. 

5. The habitudes of acids are not the fame with all volatile 
oils. 1. The concentrated fulphuric acid thickens them; 
but, if it be diluted, it forms favonules. 2. The nitric acid, 
when concentrated, inflames them ; but, when diluted, it 
caufes them gradually to pafs to the ftate of refin. Borri- 
chius appears to have been the firft who inflamed oil of tur- 
pentine with the fulphuric acid, without the nitric acid. 
Homberg repeated this delicate experiment with the other 
volatile oils. The inflammation of oils is fomuch the more 
eafily effected, as the oil is more drying or greedy of oxi- 
gene, and the acid more eafily decompofed. 3 . The muri- 
atic acid reduces oils to the faponaceous ftate, but the oxi- 
genated muriatic acid thickens them. 

3. Starkey appears to have been one of the firft who at- 
tempted to combine a volatile oil with a fixed alkali. His 
procefs is long and complicated, like thole of the alchemifts ; 
and the combination it afforded was known by the name of 
Starkey's Soap, the procefs of this chemift was fo long 
merely becaufe he ufed the carbonate of pot-afh, or mild 
vegetable alkali ; but if ten parts of cauftic alkali, or lapis 
causticus, be triturated hot with eight parts of oil of turpen- 
tine, the foap is inftantaneoufly formed, and becomes very 
hard. This is the procefs of Mr. Geoffroy. — Acad, des Sci- 
ences, ann. 1725. 

Concerning Camphor. 

Camphor is obtained from a fpecies of laurel which grows 
in China and Japan. Some travellers affirm that the old trees 
contain it fo abundantly, that on fplitting the trunk it is 
found in large tears, fo pure as to have no need of re&ifica- 
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tion. To extract the camphor, the roots of the trees arc 
ufually chofen ; or, in want of thefe, all the other parts of 
the tree. Thefe are put, together with water, into an iron 
alembic, which is covered with its head. The capital is lif- 
ted up internally with cords of rice flraw, the joinings are 
luted, and the distillation proceeded upon. Part of the cam- 
phor fublimes, and attaches itfelf to the flraw within the 
head; while another portion is carried into the receiver with 
the water. The Hollanders purify camphor by mixing an 
ounce of quick-lime with every pound of the fubftance, and 
fubliming it in large glafs veiTels. 

Camphor, thus purified, is a white concrete cryftalline 
fubftance, of a ftrong fmell and talte, ibluble in alcohol, 
burning with a white flame, and leaving no refidue : re- 
fembling volatile oils in many refpecls, but differing from 
them in certain properties ; fuch as that of burning without 
certain properties ; fuch as that of burning without a refi- 
due ; of diliblving quietly, without decompofition or altera- 
tion, in acids ; and of being volatilized by a gentle heat, 
without change of its nature. 

Camphor is obtained by diftillation from the roots of 
zedoary, thyme, rofemary, fage, the inula helenium, the 
anemony, the pafque flower or pulfatilla, &c. And it is to 
be obferved, that all thefe plants afford a much greater 
quantity of camphor w : hen the fap has been fuffered to pafs 
to the concrete Hate, by a deficcation of feveral months. 
Thyme and pepper mint, flowly dried, afford much cam- 
phor ; whereas the frelh plants afford volatile oil : molt of 
the volatile oils, in paffing to the flate of refm, alfo let fall 
much camphor. Mr. Achard has likewife obferved that a 
fmell of camphor was difengaged when he treated the vola- 
tile oil of fennel with acids. The combination of the dilu- 
ted nitric acid with the volatile oil of anife, afforded him a 
large quantity of cryftals, which pofleffed molt of the pro- 
perties of camphor. He obtained a fimilar precipitate by 
pouring the vegetable alkali upon vinegar faturated with the 
volatile oil of angelica. 

From all thele fads it appears, that the bafe of camphor 
forms one of the conftituent principles of fome volatile oils ; 
but it is in the liquid flate, and does not become concrete 
but by combining with oxigene. 
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Camphor is capable of cryftallization, according to Mr. 
"Romieu, whether in fublimation, or when it is flowly preci- 
pitated from alcohol, or when alcohol is fuperfaturatedwith 
it ; it precipitates in flender filaments, cryftallizes in hexa- 
gonal blades attached to a common axis, and it fublimes in 
hexagonal pyramids or in polygonal cryflals. 

Camphor is not foluble in water; but it communicates its 
fmell to that fluid, and burns on its furface. Romieu has 
obferved that fmall pieces of camphor, of one-third or one- 
fourth of a line in diameter, being placed on the furface of 
pure water in a glafs, have a rotatory motion: and this ap- 
pears to be an electrical phenomenon; for the motion ceafes 
if the water be touched with a conducting fubftance ; but 
continues if it be touched with an infulating body, fuch as 
glafs, fulphur, or refin. Bergen has obferved that camphor 
does not turn upon hot water. 

Acids diffolve camphor without producing any alteration 
in it, or becoming themfelves decompofed : the nitric acid 
diffolves it quietly; and this folution has been called Oil of 
Camphor. Camphor precipitated from its folution in acids 
by the addition of alkalis, is heavier, harder, and much 
lefs combuilible, according to the experiments of Mr. Kofe- 
garten. By diftilling the nitric acid feveral times from this 
fubflance, it acquires all the properties of an acid which 
cryftallizes in parallelopipedons. To obtain the camphoric 
acid, nothing more is required than to diftil the acid at fe- 
veral times from the camphor, and in a large quantity. Mr. 
Kofegarten diftilled the nitric acid eight times from camphor, 
and obtained a fait cryftallized in parallelopipedons, which 
reddened fyrup of violets, and the tin&ure of turnfole. Its 
tafte is bitter ; and it differs from the oxalic acid in not pre- 
cipitating lime from the muriatic acid. 

With pot-afh it forms a fait which cryftallizes in regular 
hexagons. 

With foda it affords irregular cryflals. 

With ammoniac it forms cryflalline maffes, which exhi- 
bit cryftals in needles and in prifms. 

With magnefia it produces a white pulverulent fait, which 
may again be diffolved in water. 

3 U 
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It diflblves copper, iron, bifmuth, zinc, arfenic, and co- 
balt. The folution of iron affords a yellowiih white powder, 
which is infoluble. 

This acid forms, with manganefe, cryltals whofe planes 
are parallel, and in fome refpefts refemble bafaltes. 

The camphoric acid, or rather the radical of this acid, 
exifls In feveral vegetables ; fince camphor may be extracted 
from the oils of thyme, of cinnamon, of turpentine, of mint, 
of feverfew, of faffafras, &.c. Mr. Dehne has obtained it 
from the pafque flower, or pulfatilla ; and Carmeufer has 
indicated feveral other plants which contain it. 

Alcohol readily dilfolves it, and it may be precipitated by 
water alone : this folution is known in pharmacy by the 
name of Camphorated Spirit of Wine, or Camphorated 
Brandy, when brandy is the folvent. 

The fixed and volatile oils likewife diffolve each other by 
the affiftance of heat; the folutions let fall cryftals in vege- 
tation, fimilar to thofe which are formed in the folutions oi: 
ial-ammoniac, compofed of very fine filaments adhering to a 
middle part. This obfervation was made by Mr. Romieu. 
Acad, des Sciences, 1756. 

Camphor is one of the belt remedies which the art of me- 
dicine pofleffes. When applied to imilammatory tumours, it 
is refolvent; and, internally taken, it is antifpafmodic, efpe- 
cially when diflblved in brandy. It is given in Germany and 
in England in the dole of feveral drams per day ; but in 
France our timid phylicians do not prefcribe it in a larger 
dole than a few grains. It mitigates heat in the urinary paf- 
iage. It is given triturated with yolk of egg,. fugar, &c. 

It has likewife been fuppofed that its fraell deftroyed or 
drove away moths, and other infeels which feed upon 

cloth, &c. 

ARTICLE III. 
Concerning Refins. 

The name of Relin is ufed to denote inflammable AuV 
llances foluble in alcohol, ufually affording much foot by 
their combuflion ; they are likewife foluble in oils, but not 

all in water. 

All the refins appear to be nothing elfe but oils rendered 
concrete by their combination with oxigene. The expofure 
of thefe to the open air, and the decompofition of acids ap- 
plied to them, evidently prove this conclufion. 
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Reims in general are lefs fweet than the balfams. They 
afford more volatile oil, but no acid., by diftiliation. 

There are fome among the known refms which are very 
pure, and perfectly ibluble in alcohol, fuch as the balm of 
Mecca and of Copahu, turpentines, tacamahaca, elemi : 
others are lefs pure, and contain a fmall portion of extract, 
which renders them not totally foluble in alcohol ; fuch are 
maftic, fandarach, guaiacum, laudanum, and dragon's blood. 

1. The balfam of Mecca is a fluid juice which becomes 
thick and brown by age. It 6ows from incifions made in the 
amyris opobalfamum. It is known by the different names of 
Balm of Judea, of Egypt, of Grand Cairo, of Syria, of 
Conflantinople, &c. 

Its fmelt is ftrong, and inclining to that of lemons ; its 
tafte is bitter and aromatic. 

This balfam, diftilled by the heat of boiling water, af- 
fords much volatile oil. 

It is balfamic ; and is given incorporated with fugar, or 
mixed with the yolk of egg. It is aromatic, vulnerary, and 
heaKng. 

2. The balfam of Copahu flows from a tree called Co- 
paiba in South America, near Tolu. It affords the fame 
produces, and poffeffes the fame virtues, as the foregoing. 

3. The turpentine of Chios flows from the turpentine tree, 
which affords the piftachios. It is fluid, and of a yellowifh 
white colour inclining to blue. 

This plant grows in Cyprus, at Chios, and is common in 
the fouth of France. The turpentine is obtained only from 
the trunk and large branches. Incifions are made firfl at the 
lower parts of the tree, and afterwards by degrees higher up. 

This turpentine, diftilled on the water-bath, without ad- 
dition, affords a very white, very limped, and very fragrant 
volatile oil : a mors ponderous oil may be extracted at the 
heat of boiling water; and the refidue, which is called 
Boiled Turpentine, affords by diftiliation, in the reverbe- 
ratory furnace, a weak acid, a fmall quantity of brown con- 
fiftent oil, and much coal. 

The turpentine ofChios isvery rare in commerce. Venice 
turpentine is extracted from the larix : its colour is a bright 
yellow, its confidence limped, its fmell ftrong and aromatic, 
and its tafte bitter. 
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The tree which affords it is that which affords manna. 
Holes are bored during the fummer near the bottom of the 
trunks of thefe trees, into which fmall putters or tubes are 
inferted, to convey the juice into veffels intended to receive 
it. The refm is obtained only from trees in full vigour ; the 
old trees very often have conliderable depofitions of relin in 
their trunks. 

This turpentine affords thefame principlesas thatof Chios. 

It is ufed in medicine as a detergent for ulcers in the 
lungs, kidneys., &c. either incorporated with fugar, or 
mixed with the volk of an egg, to render it more mifcible 
with aqueous potions. The foap of Starkey, which we have 
fpoken of under the article of Volatile Oils, is made with 
this turpentine. 

The relin known in commerce by the name of Strafburgh 
Turpentine, is a refmous juice of the confidence of a fixed 
oil, of a yellowifh white colour, a bitter tafle, and a more 
agreeable fmell than the preceding refms. 

It flows from the yew-leaved fir, which is very common 
in the mountains of Switzerland. This refin is collected in 
Millers, which appear beneath the bark in the ftrong heats 
of fummer. The peafants pierce thefe veficles with the point 
of a fmall horn, which becomes filled with the juice, and 
is from time to time emptied into a larger veffel. 

The balm of Canada differs from the turpentine of the 
ffr in its fmell only, which is more pleafant. It is obtained 
from a fpecies of fir which grows in Canada. 

Oil of turpentine is more particularly ufed in the arts. Jt 
is the great folvent for all refins ; and, as it evaporates, it 
leaves them applied to the furface of bodies on which the 
mixture has been fpread. As refins are the bafis of all var- 
nifhes, alcohol and oil of turpentine mult be the vehicles or 
folvents. 

4. Pitch is a refmous juice, of a yellow colour, more or 
lefs inclining to brown. It is afforded by a fir named Picea 
or Epicea. Incifions are made through the bark ; and the 
wound is renewed from time to time, as the lips become cal- 
lous. A vigorous tree often affords forty pounds. 

Pitch melted, and expreffed through bags of cloth, is 
rendered purer. It is packed in barrels, by the name of 
White Pitch, or Burgundy Pitch. 
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White pitch mixed with lamp black, forms black pitch. 

White pitch kept in fufion becomes dry. The deiiccation 

may be facilitated with vinegar, and leaving it for a time 

over the iire. It then becomes very dry, and is called 

Colophony. 

Lamp- black is the foot of burned pitch. It is likewife 
prepared by collecting the foot of pit-coal. 

5. Gallipot is a concrete refinous juice, of a yellowifh 
white colour and ftrong fmell. This juice comes from Gui- 
enne, where it is afforded by two fpecies of pine, the pinus 
maritima major, et minor. 

When thefe trees have acquired a certain fize : a hole or 
notch is cut through the bark, near the bottom of the trunk. 
The re fin iffues out, and flows into vefTels placed beneath to 
receive it. Care is taken to keep the wound open, and to 
renew it. The refin flows during the fummer ; but that 
which iffues out during the fpring, autumn, and winter, 
dries againft the tree. 

The pine likewife affords tar, and the oil called huile de 
Cade. For this purpofe the wood of the trunk, branches, 
and roots, is heaped together and covered with turf, over 
which a fire is lighted, as if to convert them into charcoal. 
The oil which is difengaged, not being at liberty to efcape, 
falls to the bottom into a channel or gutter, which conveys 
it into a tub. The moft fluid part is/old under the name of 
huile de Cade ; and the thicker part is the tar ufed for pay- 
ing or painting the parts of {hipping and other veffels. 

The combination of feveral reiins, coloured by cinnabar 
and minium, forms fealing-wax. To make the wax, take 
Jialf an ounce of gum-lac, two drams of turpentine, the fame 
quantity of colophony, one dram of cinnabar, and the fame 
quantity of minium. The lac and the colophony, are to be 
firft fufed, after which the turpentine is to be added, and 
laftly the colouring matters. 

6. Maftic has the form of white tears of a farinaceous ap- 
pearance, having little fmell, and a bitter aflringent tafte. 
Maftic flows naturally from the tree, but its produce is acce- 
lerated by incifions. The leffer turpentine tree, and the 
lentifcus, afford that which is met with in commerce. 

Maftic affords no volatile oil when diftilled with water 
It is almoft totally foluble in alcohol. 
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This refin is ufed in fumigations. It is chewed, to 
ftrengthen the gums ; and it forms the bafis of ievcral dry- 
ing varniihes. 

7. Sandarach is a concrete refinous juice, in dry white 
tranfparent tears, of a bitter and aftringent tafte. It is ob- 
tained from mod fpecies of the juniper, and is found between 
the bark and the wood. 

Sandarach is almoft totally foluble in alcohol, with which 
it forms a very white varnifh, that dries fpeedily. For this 
reafon, the refrn itfelf is known by us under the name of 
Varnifh (verms J. 

1. Labdanum is a black refinous juice, dry and friable, of 
a ftrong fmell, and a difagreeable aromatic tafte. It tranf- 
udes from the leaves and branches of a kind of ciftus, which 
grows in the ifland of Candia. Tournefort, in his Voyage 
to the Levant, informs us that when the air is dry, and the 
refin iffues out of the pores of the ciftus, the peafants ftrike 
all the parts of thefe trees with a kind of whip, made of feve- 
ral thongs of leather, fixed to the end of a ftaff. The juice 
adheres to the leather, and is cleared off with a knife. This 
is pure labdanum, and is very rare. That which is known 
by the name of labdanum in tortis, is mixed with a very fine 
ferruginous fand, for the purpofe of increafing its weight. 

9. Dragon's blood is a refin of a deep red in the mafs, but 
brighter when in powder. It has neither tafte nor fmell. 

It is obtained from the drakena^ in the Canary iflands, 
from which it flows in tears during the dog-days. It is alfo 
obtained from the'ptero-carpus draco. The parts are expofed 
to the vapour of hot-water ; the juice iflues out in drops, 
which are collected and wrapped up in the leaves of reeds. 

The dragon's blood of the ftiops, which has the form of 
flattened orbicular loaves, is a compofition of various gums, 
to which this form is given, after they have been coloured 
with a fmall quantity of dragon's blood. 

Dragon's blood is foluble in alcohol : the folution is red : 
the refin itfelf may be precipitated of the fame colour. 

This refin is ufed in medicine as an aftringent. 

ARTICLE IV. 
Concerning Balfams. 

Some authors define balfams to be fluid inflammable fub- 
ances ; but there are fome which are dry. Others again 
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give this name to the moft fragrant among the refins. M. 
Bucquet has confined this denomination to fuch refins only 
as have a fweet flavour, capable of being communicated to 
water ; and which more efpecially contain fragrant acid and 
concrete falts, which may be feparated by decoction or fubli- 
mation. It appears therefore that thefe fubftances contain 
a principle not found in refins, which combining with oxi- 
gene, forms an acid ; while the oil, faturated with the fame 
air, forms the refin. This acid fait is foluble in water and 
alcohol. As the chemical analyfis points out a fufficiently 
flriking difference between balfams and refins, we think it 
proper to treat them feparately. 

The fubfbnces called Balfams are therefore refins united 
with a concrete acid fait. We are acquainted with three 
principal kinds ; viz. benzoin, the balfam of Tolu, and the 
llorax calamita. 

1. Benzoin is a coagulated juice, of a pleafant fragrant 
fmell, which becomes ftronger by friction and heat. 

Two varieties of this fubftance are known ; the benzoti 
amygdaloides, and the common benzoin. The firftis com- 
pofed of the moft beautiful tears of this balfam, connected 
together by a gluten of the fame nature, but browner, and 
of the afpect of nutmegs in its fracture. The fecond is mere- 
ly the juice itfelf, without any mixture of thefe fine and very 
pure tears. It comes to us from the kingdom of Siam, and 
the iiland of Sumatra ; but we do not know the tree that 
affords it.* 

Benzoin, laid upon hot coals, fufes, fpeedily takes fire, 
and emits a ftrong aromatic fmell. But if it be merely 
heated, without fetting it on fire, it fwells up, and emits a 
more pleafant though lefs powerful fmell. 

Benzoin pounded, and boiled in water, affords an acid fait, 
which cryflallizes in long needles by cooling. This faltmay 
alfo be extracted by fublimation. It rifes by a degree of heat- 
even lefs than that which is required to raife the oil of ben- 
zoin ; and this is thefubflance called Flowers of Benzoin, or 
the Sublimed acid of Benzoin. Neither of thefe proceffes are 
ceconomical ; and in the preparation of thefe articles, in the 
large way, I begin by diftilling the benzoin, and caufe all the 

* For a drawing and defcription of th'u tree, confult Dryanderj in the 
Phil. Trauf. vol. lxxvii. No. 31, 
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produ&s to pafs confounded together into a capacious re- 
ceiver. I then boil the product in water, and by this means 
I obtain a much greater quantity of the fait of benzoin : be- 
caufe, in this flate, the water attacks anddiffolves the whole 
contents ; whereas the moft accurate trituration will not 
produce the fame effect. 

The fublimed acid of benzoin has a very penetrating aro- 
matic fmell, which excites coughing; more efpecially if the 
fubliming veflels be opened while yet hot. It reddens the 
lyrup of violets, and effervefces with the alkaline carbonates. 
It unites with earths, alkalis, and metals, and forms ben- 
zoates, of which Bergmann and Scheele have given us fome 
account. 

Alcohol diflblves benzoin totally, without leaving any 
refidue butfuch foreign impurities as the balfam may hap- 
pen to contain. It may be precipitated by the addition of 
water; and then conftitutes the opake fluid called Lac Vir- 
ginale. 

Benzoin is ufed as an aromatic in medicine ; but it isfel- 
dom ufed in fabftance, becaufe of its fparing folubility: its 
tincture, and volatile acid, are ufed. The latter is a good 
incifive medicine to be adminiftered in pituitous obftrudtions 
of the lungs, the kidneys, &c. It is given in extracts, or 
difiblved in water. 

Benzoin is employed in fumigations for indolent tumours. 
The oil is like wife an excellent refolvent. It is applied by 
friction to members affected with cold rheumatic and pa- 
ralytic diforders. 

2. The balfam of Tolu, of Peru, or of Garthagena, has a 
mild and pleafant fmell. 

It is met with in commerce in two different forms; either 
in fhells, or in the fluid Hate. The coco is foftened by boil- 
ing water, and the balfam flows out in the fluid iorm. 

The tree which affords it, is the Toluifera of Linnaeus. 
It grows in South America, in the diftrict called Tolu, be- 
tween Carthagena and Nombre de Dios. 

The fluid balfam affords much volatile oil when diftilled 
by the heat of boiling water. 

An acid fait may be extracted from this balfam, which 
greatly refembles that of benzoin, and may be obtained by 
the fame proceffes ; but this fublimed fait is commonly 
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brown, becaufe it is foiled by a portion of the balfam, which 
rifes with a lefs heat than benzoin does 

This balfam is foluble in alcohol, and may be precipitated 
by the addition of water. 

It is much u feci in medicine, as an aromatic, vulnerary, 
and antiputrefcent remedy. It is adminiftered either tritu- 
rated with fugar, or mixed with feme extract. A fyrup is 
prepared from it by digefting it in a gentle heat with fugar ; 
or by dlflblving it in alcohol, adding fugar, and fuffering the 
alcohol to diffipate fpontaneoufly. 

It is falfified by macerating the diftilled oil of benzoin 
upon the buds of the balm-fcented poplar, and adding a 
fmall quantity of the natural balfam. 

Storax or ftyrax calamita is a juice of a very ftrong but 
plcafant fmell. Two varieties are known in commerce: the 
one in reddiih clean tears ; the other in rriafles of a blackifh 
red colour, foft and fatty. 

The plant which affords it is called the oriental liquid 
amber. It has been long fuppofed to be the ftyrax folio mali 
cotonEei C B. which is known in Provence, in the wood 
of La Chatreufe de Montrieu, by the name of Aliboufier ; 
and, according to Duhamcl, affords a very odcrant juice, 
which he took for ftorax. 

Its habitudes during analyfis are the fame as the preceding 
and it exhibits the fame phenomena. 

It was formerly brought to us in canes or reeds, whence 
its name of ilorax calamita. 

Thefe three balfams form the bafe of thofe fragrant paflils 
winch are burned in the chambers of the fick, to conceal or 
difguife bed lmells. Thefe balfams are made into maffes by 
means of gum ; with the addition of charcoal and the nitrate 
of pot-afh, to facilitate combuflion. 

A ITIGLE V. 
CDncerrung Gum Rffins. 

The gum refins are a natural mixture of extract and refm. 
They feldom flow naturally from plants, but iflue out from 
incifions made for that purpofe. They are fometimes white, 
as in the tithymalus and the fig-tree ; fometimes yellow, as 
in the chelidonium : fo that we may confider thefe fubitances 

3 X 
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as true emulfions, whofe conflituent principles vary in their 
proportions. 

The gum refms are partly foluble in water, and partly 
in alcohol. 

One character of gum refins is, that they render water 
turbid in which they are boiled. 

This clafs is fufficiently numerous : but we mail only 
treat of the principal fpecies, and more efpecially thofe 
which are ufed in medicine. 

1. Olibanum, or frankincenfe, is a gum refin, in tears 
of a yellowifh white colour and tranfparent. Two kinds are 
known in trade : the male incenfe, in fmall very pure 
tears ; and the female incenfe, in large and impure tears. 

The tree which affords it is not known. Some authors 
fuppofe it to be the cedar with cypref;; leaves. 

Olibanum contains three parts of refinous matter, and 
one of extract. When it is boiled in water, the folution is 
white and turbid, like that of all the juices of this clafs. 
When it is frefh, it affords a quantity of volatile oil. 

Olibanum is ufed in medicine as a refolvent. But its 
chief ufe is in our temples, where it has been adopted as one 
of the inftruments of worfhip of the Divinity. 

It is ufed in hofpitals, to difguife the fmell of the putrid 
air which is exhaled. M. Achard has proved that this 
proceeding has no other effect, than that of deceiving the 
fenfe of fmelling. 

1. Scammony is of a blackifli grey colour, a bitter 
acrid tafte, and a firong naufeous fmell. 

Two varieties are met with in commerce ; one of which 
comes from Aleppo, and the other from Smyrna. The fir ft 
is paler, lighter, and more pure ; the fecond is black, 
heavv, and mixed with foreign fubflances. 

It is extracted from the convulvulus fcammonia, princi- 
pally from the root. For this purpofe incifions are made at 
the head of the root : it is collected in mufcle fhells. But 
mod of that met with in trade is obtained from the roots 
by expreflion. 

From the refults of the anaiyfis of CeofTroy and Car- 
theufer, it appears that the proportion of the component 
parts varies in the different fpecimens examined. The latter 
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obtained near one half of extract, whereas the former only 
one fixth. 

Scammony is ufed in medicine as a purgative, in the dofe 
of Several grains. When triturated with fugar and almonds, 
it forms a very agreeable purgative emulfron. When foft- 
ened by a mixture of the juice of liquorice, or of wild 
quinces, it forms the diagredium. 

3. Gum guttre has a reddifh yellow colour: it has no 
frnell, but its tafce is acrid and cauftic. Gum guttse was 
brought to Clufius in 1630. It comes from the kingdom ot 
Siam, from China, and from the ifland of Ceylon, in cy- 
linders of various fizes. The tree which affords it is called 
Goddam Pulli Herman reports, from his own obfervation 
as an eye witnefs, that a milky and yellowhh juice flows 
from incifions made in thefe trees; that this juice becomes 
thick by the heat of the fun ; and that, when it is in a (late 
fit to be handled, it is formed into large globular mafTes. 

Geoffroy has extracted five fixths of refm from gum guttas. 
Carthcufor has afcribcd to it more extractive than refmous 
matter. 

Gum guttss is fometimes ufed as a purgative, ma dofe of 
a few grains. But the principle ufe of this fubftance is in. 
painting, where it is recommended by the beauty of its 
co our. 

4. AfTa fcetida is met with in tears of a yellowim white 
colour ; but moft commonly in the form of loaves formed 
by the aggregation of a number of the tears. It has an acrid 
and bitter tafte. and its frnell is one of the mod difagreeable. 
The plant which affords it is called Ferula Ana Fcetida. 
This plant grows in Perfia : and the juice of its root is 
obtained by exprefiion, according to Krcmpfer. It is fluid 
and white when it ifTues from the plant, and it emits an abo- 
minable frnell when recent. This juice lofes its frnell, and 
becomes coloured, as it dries. But it dill preferves frnell 
enough to entitle i: to the name of Stercus Diaboli. 

The Indians find its flavour agreeable ; they ufe it for 
feafoning, and call it the food of the gods : a proof which 
evinces, beyond every argument, thac taites mult not be 
difputed. 

Cartheufer found it to contain one third of refm. 
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It is a folvcnt and difcutient remedy, and more particu- 
larly valuable as a molt powerful antihyfteric. 

5, Aloes is a juice of" a red brown colour, and very confi- 
derable bitternels. Three fpecies are diflinguifhcd — the f< 1 - 
corrine aloes, the hepatic aloes, and the coballine aloes ; 
they differ only in their degree of purity. M. de Juifteu, 
who faw thefe three varieties prepared at Morviedro in Spain, 
allures us that they are all obtained from the aloe vulgaris. 
The firft variety is obtained by making incifions in the leaves. 
Time is allowed for its impurities to fubfide perfectly. The 
fluid is then decanted from the dregs, and left to become 
thick; after which it is put into leathern facks for iaie, under 
the name of Soccotrine aloes. A juice of the fame nature is 
obtained by expreffion from the fame leaves, which, when 
clarified in the fame manner, forms the hepatic aloes: and 
the coballine aloes is obtained by a ftronger preflure. 

The Socco rine aloes contains no more than one eighth 
of refin, according to Boulduc. The hepatic aloes contains 
half its weight, 

Aloes is very much ufed in medicine as a purgative, tonic, 
alterative, and vermifuge. 

6. Gum ammoniac is fometimes met with in fmall tears, 
white within, and yellow without. But they are often uni- 
ted in the mafs, refembling the benzoc amygdaloides. 

Its fmell is Fetid j and its tafle acrid, bitter, and rather 
naufeous. 

1 his juice comes from the clefarts of Africa, and the plant 
which affords it is unknown: it is prefumed to be of the 
clafs of umbelliferous plants, from the figure of the feeds 
found in it. 

Gum ammoniac is very much ufed in medicine. It is a 
very a good alterative ; and is given in pills, incorporated 
with fugar, or in fome extract. It may even be diiTolved or 
diffufed in water ; this liquid becomes turbid, and of a yel- 
low; (h white. Gum ammoniac enters into the compoftfion 
of all difcaflive plafters, 

Concerning v'aoutchocc, cr Elaftu Gum. 

Elaftic Gum is one of thofe fubflances which it is difficult 
to clafs, It bums like refins ; but its :' laflicity, 
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and its infolubility in the menftruums which ufuallydif- 
folvercfins, do not allow us to clafs it among thofe bodies. 
The tree which affords it is known by the name of Serin- 
ga by the Indians of Para. The inhabitants of the province 
of Efmeraldas, a province of Quito, call it Hiuva ; and 
thofe of the province of Mamas, Caoutchouc. 

Mr. Richard has proved that this tree is of the family of 
the euphorbia; and Mr. Dorthes has obferved, that the 
coccus which are covered with a down that refembles [mall 
draws, were covered with a gum very much refemb&n T the 
elaftic gum. Thefe infecls feed on the euphorbium ; but 
thofe which come from other filiations afford the fa juice. 

We are indebted to Mr. Condamine for an account, nd 
accurate details, concerning this tree. (Acad, des Sciences 
1751.) This academician informs us, after M. Frefnau, 
engineer at Cayenne, that the cautchouc is a very lofty 
tree. Incifions are made in the bark ; and the white juice,. 
which flows out in a more or lefs liquid date, is received in 
a veffel placed for that purpofe. This is applied in fucceilive 
coatings upon a mould of clay, and dried by the fire, or 
in the fun. All forts of defigns are traced upon it while 
foft ; and, when it is dry, the clay mould is crumed. and 
the pieces fnaken out. 

This gum is very elaftic, ana capable of great extenfion. 

When elaftic gum is expofed to the fire, it becomes foft, 
fvvells up, and burns with a white flame. It is ufed for il- 
lumination inftead of candies at Cayenne. 

It is not at all fcluble either in water or alcohol. But 
Macquer has aifured us that ether is its true folvent ; and 
upon this property he has inftituted the art of making 
bougies for chirurgical ufes of elaftic gum, by applying this 
folutionupon a mould of wax till it is of therequifitethicknefs. 

Mr. Bernaird, to whom we are indebted for important 
obfervations upon this fubftance, found only the nitric 
ether to diilblve elaftic gum. Very pure fulphuric ether 
did not perceptibly a£t upon it. 

If elaftic gum be put in contact with a volatile oil, fuch as 
that of turpentine, or even if it be expofed to the vapour ©f 
that fluid, it fwells, foftens, and becomes very pafty. It 
may then be fpread upon paper, or applied as a var- 
niih to cloth ; but this covering prefcrves its adhefive 
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quality, and does not lofc it for a long time. The mixture 
of volatile oil and alcohol forms a better folvent than the 
pure oil, and the varnifh dries more fpeedily. 

Mr. Bernaird has concluded from his experiments that 
the elaftic gum is a fat oil, coloured by a matter folublein 
alcohol, and foiled by the fmoke to which the gum is ex- 
pofed in drying. 

If linfeed oil be rendered very drying by digefting it 
upon the oxides of lead, and it be afterwards applied with 
a fmall brufn upon any furface, and dried by the fun or in 
the fmoke, it affords a pellicle of a confiderabte degree of 
firmnefs, evidently tranfparent, burning like the elaftic gum, 
and wonderfully elaftic and extenfible. If this very drying 
oil be left in a wide mallow veffel, the furface becomes 
thick, and forms a membrane which has the greater! ana- 
logy with the elaftic gum. A pound of this oil fprecd upon 
a Hone, and expofed to the air for fix or feven months, 
acquired almoft all the properties of elaftic gum. It was 
ufed to make catheters and bougies ; was applied to varnifli 
balloons, &c. 

Some gum refins are cleared by art of their extractive 
principle for the purpofe of applying them to various ufes. 
Such is the intention of the procefs ufed to make bird-lime, 
This is made from different fubftances, as the berries of 
mifktoe, the fruit of the febeften, &c. But the belt is made 
of the hollyoak. Thefe trees are pealed in the month of 
June or July : the outer bark is rejected, and the fecond is 
boiled in fpring water for feven or eight hours. It is then 
made into molaffes, which are buried in the ground, and 
covered with (tones, for feveral layers one over the other. 
After having previoufly drained off the moifture, they are 
fuffered to ferment for fifteen days, until the matter has 
acquired the adhefive confluence of pafte. The mafs is then 
beaten till it becomes capable of being wrought with the 
hands, or kneaded ; after which it is walked in a running 
ftream. Laflly. it is placed for three or four days in another 
veffel, that it may throw up its mum or impurities ; in 
which jaft ftate it is put into proper veffels, and kept for ufe. 
The following compofition is likewife made ufe of under 
the name of bird-lime. Take one pound of bird-lime, one 
pound of goofe-greafe^ add to this one ounce of vinegar, 
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half an ounce cf oil, and the fame quantity of turpentine. 
Boil the mixture for fcveral minutes, and heat the mafs 
when you are defirous of ufing it as a cement. It may be 
prevented from freezing in winter, by adding a fmall quan- 
tity of petroleum. 

Concerning Varnifh. 

ThePere dlncarville has informed us that the tree which 
affords the Varnifh of China is called Tfi-chou by the Chi- 
nefe. Thi s tree is propagated by ofF-fets. When the culti- 
vator is defirous of planting this, he takes a branch, which 
he wraps up in a mafs of earth, by means of flax. Care is 
taken to moiften this earth ; the branch pufhes out roots, 
and is then pruned and tranfplanted. This tree grows to 
the fize of a man's leg. 

This Varnifh is drawn in fpring. If it be a cultivated tree, 
it affords three gatherings. It is extracted by incifions made 
in the fpring; and when the Varnifh, which is received in 
fhells, does not flow, feveral hogs, bridles, moiftened with 
water or fpittle, are introduced into the wound, and caufe it 
to run. When the tree is exhaufted, the upper part of it is 
wrapped in draw, which is fet on fire, and caufes the varnifh 
to precipitate to the bottom of the tree, where it flows out 
of perforations made for that purpofe. 

Thofe who collect the varnifh fet out before day-break, 
and place their fhells beneath the apertures. The fhells are 
not left longer than three hours in their place, becaufe the 
heat of the fun would evaporate the varnifh. 

The Varnifh emits a fmell which the workmen are very 
careful to avoid refpiring. It produces an effect which they 
call the bud of the varnifh. 

When the varnifh iffues from the tree, it refembles pitch. 
By expofure to the air it naturally becomes coloured, r.nd 
is at laft of a beautiful black. 

The juice which flows from incifions made in the trunk 
and branches of the thus toxicodendron, poflefles the fame 
properties. The tree that grows in our climates affords a 
white milky fluid, which becomes black and thick by the 
contact of the air ; its colour is the moPc beautiful black : 
and it would be eafy to introduce this valuable fpecies of 
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induftry into the kingdom, bccanfe the tree grows wonder- 
fully well in ail climates, and refills the cold of the winter. 

To make the Varnifh bright, it is evaporated by the 
fun ; and a body is given to it with hog's gall, and the ful- 
phate of iron, or martial vitriol. 

The Chinefe ufe the oil of tea, which they render drying 
by boiling it with orpiment, realgar, and arfenic. 

The varnifhes mod ufed in the arts have all of them the 
refins for their bafe ; and the fundamental facts in this va- 
luable art are reducible to the following principles. 

To varnifh any fubflance, confifts in applying upon its 
furface a covering of fuch a nature, as (hall defend it from 
the influence of the air, and give it a fhinmg appearance. 

A coat of varnifh ought therefore to poflefs the following 
properties :— i. It muff exclude the action of air; becaufc 
wood and metals are varnifhed to defend them from decay 
and rufl: 2. It mud refill water ; for otherwife the effect 
of the varnifh could not be permanent. 3. It ought not to 
alter fuch colours as are intended to be preferred by this 
means. 

It is neceffary therefore that a varnifh fhould be eafily 
extended or fpread over the furface, without leaving pores 
or cavities ; thatitfhoald not crack or fcale ; and that it 
fhould refill water. Now refins are the or. ly bodies that 
poffefs thefe properties, 

Refins confequently muft be ufed as the ha&s of varnifh. 
The queflion which of courfe prefent&itfdi muft then be 
how to difpofe them for this ufe ; and for tl is purpefethey 
mufl be diflblved, as minutely divided as poflible, and com- 
bined in fuch a manner that the imperfections of thofe which 
might be difpofed to fcale, may de corrected by others. 

Refins may be di.Tolved by three agents — 1. By fixed oil 
2. By volatile oil. 3. By Alcohol. And Accordingly we 
have three kinds of varnilh, the fat or oily varnifh, dlentiul 
varnifh, and fpirit varnilh. 

Before a refin is diflblved in fixed oil, it is neceiTary to 
render the oil drying. For this purpofethe oil is boiled with 
metallic oxides ; in which operation the mucilage of the oil 
combines with the metal, while the oil itfelf unites with the 
oxigene of the oxide. To accelerate the drying of this 
varnifh, it is neceffary to acid oil cf turpentine- 
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The eflential varnifhes confift of a folution of refin In oil 
of turpentine. The varnifh being applied, the eflential oil 
Hies oft*, and leaves the refin. This is uied only for paintings. 

When refins are diflblved in alcohol, the varnifh dries 
very fpeedily, and is fubjecl: to crack ; but this fault is cor- 
rected by adding a fftiall quantity of turpentine to the mix- 
ture, which renders it brighter, and lefs brittle when dry. 

The coloured refins or gums, fuch as gum guttas, dra- 
gon's blood, &c. are u'ed to colour varnifhes. 

To give luftre to the varnifh after it is laid on, it is rubbed 
with pounded pumice (lone and water ; which being dried 
with a cloth, the work is afterwards rubbed with an oiled 
rag and tripoli. The furface is lafl of all cleaned with foft 
iinen cloths, cleared of all greafmefs with powder of ftarch, 
and rubbed bright with the palm of the hand. 

ARTICLE VI. 

Concerning. the Fecula of Vegetables. 

The fecula appears to be only a flight alteration of muci- 
lage ; for it differs from that fubftance in no other refpecl 
than in being infoluble in cold water, in which liquid it falls 
with wonderful quicknefs. If it be put into hot water, it 
forms a mucilage, and refumes all its characters. It feems 
that the fecula is Amply a mucilage deprived of caloric. In 
fact a young plant is all mucilage ; the old plants and fruits 
afford little fecula, becaufe the heat is ftronger in young than 
in old plants, according to Dr. Hunter. 

There are few plants which do not contain fecula. Mr. 
Parmentier has given us a lid of all thofe which afford it, 
in his experiment;". (See his Recherches fur les Vegetaux 
Nouriffans.) But the feeds of gramineous and leguminous 
vegetables, as well as the roots, which botanifts call Tube- 
rofe, contain it mod plentifully. 

Nothing more is required, in order to extract the fecula, 
than to bruife or grind the plant in water ; and the fecula, 
which k at firft fuipended in that fluid, foons falls to the 
bottom. Vv r e ftiall not in this place attend to any other fecu- 
la: but fuch as are ufed in the arts or in medicine. Such are 
•hole of bryony, of potatoes, caflava, fago, falep, ftarch, &c. 

1. The fecula of bryony is extracted from the root of 

3Y 
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that plant. The bark is firft taken off from the root, which 
is then rafped, and fubmitted to the prefs. The juice which 
flows out by expreffion is rendered white and opake by a 
fecula which fubfides. The liquid is then decanted off, and 
the fecula dried, it is ftrongly purgative, on account of a 
portion of extract which it retains ; but it may be deprived 
of its purgative virtue by careful walking in water. If watei 
be poured on the marc which remains beneath the prefs, a 
large quantity is obtained which is not purgative, becaufe 
the extractive matter was forced out by the firft operation. 
Mr. Baurne has propofed to fubllitute this fecula inftead of 
frarch. The fecula is afforded by fimilar treatment of the 
roots of corn-flag and arum. 

2. That which is generally known by the name of potatoe 
flour, is nothing but the fecula of this root obtained by or- 
dinary and eafy proceffes. The root being well warned, it is 
pounded or crufhed in fuch a manner as perfectly to deflroy 
its texture. The pulp is then put into a fieve, and water 
poured on it, which carries off the fecula, and depofits it at 
the bottom of the receiving veffel. The water, which is 
coloured by extractive matter, and part of the parenchyma 
that remains fufpended, is decanted off, and the depofiiion 
is warned feveral times. The colour of the fecula grows 
whiter as it dries ; and when dry it is very white and line. 

As this fecula has become an article of common ufe for 
fome time pail, feveral inftruments have been con 'rived 
which are more or lefs fuitcd to bruife the potatoes. R afps 
have been propofed turning in cylinders, mills armed with 
points of iron, &c. 

3. The caffava of the Americans is extracted from the 
roots of the manioc. This plant contains an acrid and very 
dangerous poifon, of which it muff be very carefully deprived. 
The Americans take the frefh root of manioc, which they 
peel, rafp, and inclofe in a bag or fack formed of rufhes, 
and of a very open texture. This bag is fufpended from a 
ftaff; and a very heavy veffel is fattened to its lower part, 
which draws the bag down, fo as in fome meafure to com- 
prefs the root, at the fame time that it receives the juice as 
it flows out. The juice is a moft dreadful poifon. When 
the root is well cleared of the juice, it is put into the fame 
bags, and expofed to dry in the fmoke. The fifteU root is 
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called Caffava. To convert it into food, it is fpread out 
upon an hot brick or plate of iron ; and when the furface 
which reds immediately on the brick is of a reddifh brown 
colour, it is turned, to bake the other fide ; and in this 
Hate it forms what is called Caffava bread. 

The expreffed juice carries with it the fineft part of the 
fecula, which quickly fubfides ; and this fecula, known by 
the name of Mouchaffe, is ufed to make paltry. 

The poifonous extract which mod of thefe roots that 
abound in fecula contain, ought to engage thofe who pre- 
pare them to be uncommonly attentive to the due manage- 
ment of the procefs. Without the moll fcrupulous care the 
mod unhappy confequences may follow. It mould always be 
recollected, in the preparation of thefe fubftances, that the 
poifon is in contact with the food. 

4. A fecula haslikewife beenappropriated to domeflic ufes 
which is extracted from the pith of feveral farinaceous palms, 
and is known by the name of Sago. This preparation is 
made in the Molucca Iflands. The pith of middle-aged palms 
is only ufed ; for the young, as well as the old, affords 
very little fecula. This pith is mixed with water ; and the 
fecula which is extracted, and renders the fluid white, is 
fuffered to fubfide. When the fecula is dried, it forms 
fmall grains ; which when reduced to powder, and mixed 
with warm water, affords a very nouriming pulp or mucilage. 

M. Parmentier has propofed to make fago out of pota- 
toes ; in confequence of his idea that all feculae are abfo- 
lutely identical, and that this principle is one and the fame 
in nature. For this purpofe he propofes to add afpoonful 
of the fecula of potatoes gradually to a chopin, or half a 
pint, of hot water or milk, to be kept flirring over a gentle 
fire for half an hour. Sugar may be added, with aromatics 
or fpices, fuch as cinnamon, lemon peel, faffron, orange 
flower water, rofe-water, &c. 

The fago of potatoes may likewife be prepared with veal 
broth, chicken broth, or common broth. The preparation 
may be varied in a thoufand ways, and it forms a very 
wholefome and nourifning food. 

5. The bulbs of all the kinds of orchis may be ufed to 
make falep. All that is required to be done confifts in 
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depriving them of the extractive principle, and drying the 
refidue which becomes tranfparent by this operation. 

In order to dry them more fpeedily, they are (bung, and 
hung U p • or otherwife it is thought fufficient to rub thefe 
bulbs in water either hot or cold, and to dry them in an 
oven. This laft procefs was communicated to Dr. Pcrcival 
by Mr. John Moult. 

The tecula of falep, pulverized, and combined with wa- 
ter, forms a very nourifhing jelly. 

6. Thefecula is likewife one of the conftituent principles 
of the feeds of gramineous plants ; and when thefe have 
been ground and reduced into farina, nothing more is re- 
quired than to mix them with water, in order to precipitate 
the fecula. But another procefs for procuring it is ufed in 
the arts; it confiits in deftroying^ by fermentation the ex- 
tractive and glutinous part with which it is intimately united; 
and in thisconfifls the art of making (larch. The procefs of 
the (larch-maker confiits in fermenting grain, pollard, da- 
maged flour, &c. in the acid water which they call eaufure. 
When the fermentation is ended, they take out the fecula, 
which is precipitated to the bottom of the water, and pat it 
into hair lacks. Frefii water is poured upon this, which 
carries the finer fecula with it ; and this being feveral times 
wafhed, conftitutes (larch, cleared of every foreign principle. 

There are likewife coloured feculse, fuch as indigo, which 
we (hall treat of when we come to the article dying. 

The ufes of feculae are very numerous. 

i. They conftitute a very nourifhing food, becaufe the 
nutritive virtue of gramineous vegetables refides in them. 
Thofe feeds which man has appropriated for his food, con- 
tain much ; and thefe feculas form a very nourifhing jelly 
with hot water: It may be feen, in the work of Mr. Par- 
mentier, that this is truly the mod fuitable nourifhment for 
man. Some of thefe are even entirely devoted to this pur- 
pofe, fuch as the caffava. 

In the northern climates, the lichens form almofl thewholc 
of the food of man, and fuch animals as are not carnivorous : 
and thefe lichens, according to the experimentsof the Aca- 
demy of Stockholm, afford an excellent flarch by fmiple 
grinding;. The rein-deer, the dags, and the other fallow 
cattle of the north of Europe, fubliit on the lichen rangi- 
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ferinus. The Icelanders obtain a very delicate gruel with 
fecula of the lichen Icelandicus. 

2. Starch boiled in water, and coloured with a fmall 
quantity of azure, forms a parte which is ufedto give bright- 
nefs, firmnefs, ftrength and an a; reeable colour to linen. 

3. The feculas are alfo ufed to make hair powder ; and 
this confumption, which is prodigious, might be fupplied 
by flarch made from lefs valuable plants than the gramine- 
ous: and, if this were done, the objects of luxury would 
not enter into competition with our molt immediate wants. 

ARTICLE VII. 
Concerning the Vegetable Gluten. 

The glutinous principle, which, on account of its pro- 
perties refembling thofe of animal fubflances, has been 
called the Vegeto -Animal Subftance by fome chemifts, is 
more particularly obtained from gramineous vegetables. 
We are indebted to Bsccari for the difcovery of this fub- 
ftance ; and the analyfis of farinaceous fubflances has fince 
been enriched with various important facts. 

To make the analyfis of any farina, the methods employed 
are fuch as are fimple, and incapable of decompofing or al- 
tering any of its condiment parts. A pafte is formed with 
the flour and water ; and this is kneaded and wrought in the 
hands under water, till it no longer communicates any colour 
to that fluid. The fubflance which then remains in the hand 
is tenacious, ductile, and very elaftic ; and becomes more 
and more adhefive, in proportion as the water which it had 
imbibed flies off by evaporation. In this fame operation the 
fecula falls to the bottom of the water ; while the extractive 
matter remains in folution, and may be concentrated by 
evaporation of the fluid. 

If the glutinous matter be ftretched out, and then let go, 
it returns by fpontaneous contraction to its original form. If 
it be left fufpended, it becomes extended by its weight ; 
and forms a very thin tranfparent membrane, which exhi- 
bits a kind of net work, refembling the texture of the mem- 
branes of animals. 

M. Beccari has obferved that the proportion of glutinous 
matter varies prodigioufly in the feveral feeds of gramineous 
vegetables. Thofe of wheat contain the largeit quantity ; 
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but he never found it in the garden fluff or plants which arc 
ufed by us for food. The quantity of glutinous matter alio 
varies in the fame kind of grain, according to the nature of 
the foil which has fupported it. Humid fituations aftbrd 
fcarcely any. 

The glutinous matter emits a very characleriftic animal 
fmell. Its tafteis infipid ; it fwells up upon hot coals ; becomes 
foon and perfectly dry in a dry air, or by a gentle heat ; in 
which date' it refembles glue, and breaks fhort like that 
fubftance. If in this ftate it be placed on burning coals., it 
curls up, is agitated, and burns like an animal fubftance. 
By diftillation it affords the carbonate of ammoniac. 

Frefh-made gluten, expofed to the air, readily putrifies ; 
and when it has retained a fmall quantity of ftarch, this laft 
paffes to the acid fermentation, and retards the putrefaction 
of the gluten : and in this way a ftate is produced refemb- 
ling that of cheefe. 

Water does not attack the glutinous part. If it be boiled 
with this fluid, it lofes its extensibility and adhefive quality ; 
a circumftance fo much the more remarkable, as it was in- 
debted to that fluid for the development of thefe qualities ; 
for this principle exifled without cohefion in the flour ; and 
when it' is deprived of water by drying, it alfo lofes its elaf- 
ticity and glutinous quality. 

Alkalis diflblve it, by the afliftance of a boiling heat. The 
folution is turbid ; and depofits the gluten by the addition 
of acids, but deprived of its elaflicity. 

The nitric acid difiblves gluten with activity ; and this 
acid at firft emits the nitrogenous gas, as when treated with 
animal fubflances. This is followed by an emiflion of nitrous 
gas ; and the refidue, by evaporation, affords the oxalic 
acid in cryftals. 

The fulphuric and muriatic acids likewife diflblve it. 
M. Poulletier has obferved, that falts with bafe of ammo- 
niac may be obtained from thefe combinations diflblved in 
water or alcohol, and evaporated in the open air. 

If the gluten be diflblved in the vegetable acids feveral 
times repeatedly, and precipitated by alkalis, it is reftored 
to the Mate of fecula : and according to Macquer, if vine- 
gar be diftilled by a gentle heat from this fubftance, it is 
reduced to the ftate of mucilage. 
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This fubflance therefore poffefies a very decided animal 
character . It is to this gluten that wheat owes its property 
of making a good pafte with water, and the facility with 
which it rifes. Rouellc discovered a glutinous fubflance 
analogous to the prefent in the green fecula of plants, which 
afforded ammoniac, and empyreumatic oil, by diltillation. 
The expreffed juice of the herbaceous plants likewife afforded 
it ; fuch as that of borage, hemloc, forrel, Sec. 

The Gluten is fometimes deflroyed by the fermentation, 
of flour ; by which change it is deprived of the wholefome 
qualities it before poffeffed, and is incapable of riling, and 
forming good bread. 

Farina, or flour, is therefore compofed of three principles 
— the amylaceous principle, or (larch ; the faccharine prin- 
ciple ; and the animal or glutinous principle. Whenever 
therefore, by a fuitable divifion, thefe principles are mixed 
together, and the fermentation is affifted by the known me- 
thods, each of thefe principles being capable of a different 
kind of fermentation, becomes depofed in its own peculiar 
manner. The faccharine principle undergoes the fpirituous 
fermentation : and the amylaceous is changed by the acid 
fermentation. The panary fermentation may therefore be 
confidered as an union cf thefe three different fpontaneous 
changes. But as foon as the leading phenomena of the fer- 
mentation are well devoloped ; and the principles, already 
well mixed and ammilated, have by this means fuffered a 
change of their refpective natures ; the fermentation is flop- 
ped by baking : and the bread is found to be much lighter 
in confequence of thefe preliminary operations. 

The art of making bread was not known at Rome until 
the year 585. The Roman armies, on their return from 
Macedonia: brought Grecian bakers into Italy. Before 
this time the Romans prepared their flour m no other 
way than by making it into pap or foft pudding ; for which 
reafon the Romans, according to Pliny, were called eaters 
of Pap*. See Aubery. 

* Pulte aut'sni non pane, vixifc: longo tempore Romanos rnanifrunin 
quoin nm inc'.e et Pulmcntaria bodiecpie dicuntur. Pl'nV. Rift. Nut. 
lib.xviii. cup. riii, et :;i. — The date 1= 500 at> urbe condita. T. 
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ARTICLE VI ft. 
Concerning Sugar. 

Sugar is likewife a condiment part of vegetables, exifling 
in confiderable quantities in a number of plants. It is afforded 
by the maple, the birch, wheat and turkey corn. Mar. 
graff obtained it from the roots of beet, red beet, fkirret, 
parfnips, and dried grapes. The procefs of this chemill con- 
fided in digefling thefe roots, rafped or finely divided, in 
alcohol. This fluid diffolves the fugar ; and leaves the ex- 
tractive matter untouched, which falls to the bottom. 

In Canada the inhabitants extract fugar from the maple 
(acer montanum candidum). At the commencement of 
fpring they heap fnow in the evening at the foot of the tree, 
in which they previoufly make apertures for the paffage of 
the returning fap. Two hundred pounds of this juice afford 
by evaporation fifteen of a brownim fugar. The quantity 
prepared annually amounts to fifteen thoufand weight. 

The Indians likewife extract, fugar from the pith of the 
bamboo. 

But the fugar which is fo univerfally ufed is afforded by 
the fugar cane (arunda faccharifera) which is railed in our 
colonies. When this plant is ripe, it is cut down, and 
crulTied by paffmg it between iron cylinders, placed per- 
pendicularly, and moved by water or animal ftrength. The 
juice which flows out by this ftrong preffure is received in a 
fhallow trough placed beneath the cylinder. This juice is 
called vefou ; and the cane, after having undergone this 
preffure, is called begajfc*. The juice is more or lefs fac- 
charine, according to the nature of the foil on which the 
cane has grown, and the weather that has predominated 
during its growth. It is aoueous when the foil or the wea- 
ther has been humid ; and m contrary circumftances it is 
thick and glutinous. 

The juice of the cane is conveyed into boilers, where it is 
boiled with wood a flies and lime. It is fu ejected to the fame 
operation in three feveral boilers, care being taken to re- 
move the ikum as it rifes. In this date it is called Syrup j 

* Thefe are the names in the French fugar colonies. I do not find 
the corresponding terms in any of our writers. T. 
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and is again boiled with lime and alum till it is fufficiently 
concentrated, when it is poured into a veiTel called the Cooler, 
In this vefiel it is agitated with wooden ftirrers, which break 
the cruft as it forms on the furface. It is afterwards poured 
into cafes, to accelerate its cooling; and, while it is dill 
warm, it is conveyed into barrels Handing upright over a 
ciftern, and pierced through their bottom with feveral holes 
Hopped with cane. The fyrup which is not condenfed fil- 
ters through thefe canes into the ciftern beneath; and 
leaves the fugar in the ftate called Coarfe Sugar, or Muf- 
covado. This fugar is yellow and fat, and is purified in 
the iflands in the following manner : — The fyrup is boiled, 
and poured into conical earthen veffels, having a fmall per- 
foration at the apex, which is kept clofed. Each cone, re- 
versed on its apex, is fupported in another earthen vefiel. 
The fyrup is furred together, and then left to cryftallize. 
At the end of fifteen or lixteen hours, the hole in the po'mt 
of each cone is opened, that the impure fyrup may run out. 
The bafe of thefe fugar loaves is then taken out, and white 
pulverized fugar fubftituted in its (lead ; which being 
well preffed down, the whole is covered with clay, moiften- 
ed with water. This water filters through the mafs, carry- 
ing the fyrup with it which was mixed with the fugar, but 
which by this management flows into a pot fubftituted in 
the place of the firft. This fecond fluid is called Fine Syrup. 
Care is taken to rhoiften and keep the clay to a proper de- 
gree of fofthefs, as it becomes dry. The fugar loaves are 
afterwards taken out, and dried in a ftove for eight or ten 
days ; after which they are pulverize i, packed and export- 
ed to Europe, where they are ftill farther purified. 

The operation of our fugar refiners confifts in diflblving 
cafTonade, or clayed fugar, in lime water. Bullock's blood 
is added, to promote the clarifying ; and when the liquor 
begins to boi', the heat is diminifhed, and the fkum care- 
fully taken off. It is in the next place concentrated by a brifk 
heat ; and, as it boils up, a fmall quantity of butter is 
thrown in, to moderate its agitation. When the boiling is 
fufficientiy effected, the fire is put out; the liquor is poured 
into moulds, and agitated, to mix the fyrup together with 
•the grain fugar already formed. When the whole is cold, 

i z 
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the moulds are opened, the loaves are covered with moiften- 
ed clay, which is renewed from time to time till the fugar is 
well cleared from its fyrup. The loaves being then taken 
out of the moulds, are carried to a Hove, where they are 
gradually heated to the fiftieth degree of Reaumur. They 
remain in this ftove eight days, after which they are wrap- 
ped in blue pamper for fale. 

The feveral fyrups, treated by the fame methods, afford 
fugars of inferior qualities ; and the laft portion, which no 
longer affords any cryftals, is fold by the name of Melafles. 
The Spaniards ufe this melaffes in the preparation of fweet- 
meats. 

A folution of fugar, much lefs concentrated than that we 
have juft been fpcaking of, lets fall by repofe cryftals which 
affect, the form of tetrahedral prifms, terminated by dihedral 
fummit'o, and known by the name of Sugar Candy. 

Sugar is very foluble in water ; it fwells up in the fire, 
becomes black, and emits a peculiar fmell, known by the 
denomination of the fmell of caromel. 

Sugar is very much ufed for domeftic purpofes. It con- 
ftitutes the bafis of fyrups ; and is ufed at our tables to dif- 
guife the four tafte of fruit and vegetable juices. It corrects 
the bitternefs of coffee ; and ferves as the vehicle in a great 
number of pharmaceutical preparations. 

Sugar is an excellent food ; and it is merely an old preju- 
dice to fuppofe it produces worms in the bowels of children. 

It is now feveral years fince the celebrated Bergmann 
taught us to extract a peculiar acid from fugar, by combi- 
ning the oxigene of the nitric acid with one of its conftituent 
principles. The difcovery of the acid of fugar was confign- 
edin a thefis maintained at Upfal, the 13th of June 1776, 
by M. Arvidfon, under the prefidency of Bergmann. 

To make the acid of fugar, or oxalic acid, nine parts of 
the nitric acid, with one of fugar, are put into a retort. A 
gentle heat is applied, to aifift the action of the acid ; which 
is rapidly decompofed upon the fugar, with the difengage- 
ment of a considerable quantiry of nitrous gas. When the 
decompofition is completed, the diftillation is continued on 
a fand bath, till the refidue is fufficiently concentrated. It 
is then fuffered to cool ; and beautiful cryftals are formed, 
which may be taken out, and have the figure of a tetra- 
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hedral prifm terminating in a dihedral fummit. By a farther 
concentration of the liquor in which theacid has cryftallized, 
more of thefe cryftals may be obtained. Thefe feveral pro- 
duels of cryftals are then to be diffolved in pure water, and 
again cryftallized, to feparate them from any admixture of 
nitric acid that may adhere to them. This acid was formerly 
thought to be a modification of the nitric acid ; and Berg- 
mann was under the neceffity of entering into a confiderable 
detail of reafoning, to remove every doubt on the fubjeft. 
But the knowledge we at prefent poffefs refpecting the con- 
ftituent principles of the nitric acid, and the great number 
of phenomena of this kind which it exhibits when made to 
ad on various fubflances, render it unneceffary for us to 
enter into this confideration. 

Cold water diffolves half its weight of this acid, and boil- 
ing water takes up its own weight. 

This acid, combined with pot-afh, forms a fait in prif- 
matic hexahedral flattened rhomboidal cryftals, terminating 
in dihedral fummits. In order that cry ftallization may take 
place, it is necefiary that one of the component parts mould 
be in excefs. This fait is very foluble in water. 

The fame acid forms with foda a fait which is very dif- 
ficult to be brought to cryflallize, and which converts 
fyrup of violets to a green. 

This acid, poured upon ammoniac, affords by a flight 
evaporation very beautiful tetrahedral prifmatic cryftals, ter- 
minating in dihedral fummits : one of whofe faces is larger 
than the other, fo that it occupies three angles of the ex- 
tremity. See my Memoirs of Chemiftry. — This fait is of 
great ufe in the analyfis of mineral waters. It inftantly 
mews the prefence of any fait with bafis of lime, becaufe 
the oxalate of lime is infoluble in water. 

The acid of fugar, or oxalic acid, attacks and diffolves 
mod of the metals : but its a&ion upon the oxides is ftronger 
than upon the metals themfelves ; and it takes the oxides 
from their true folvents. In this way it is that it precipitates 
the iron from a folutionof the fulphateofiron, ina fubftanceof 
the moft beautiful yellow colour,which may be ufedin painting. 

It precipitates copper in the form of a white powder, 
which becomes of a beautiful light green by drying. 

Zinc is precipitated of a white colour. 
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This acid likewife precipitates mercury and filver, but 
not till after feveral hours Handing. 

An account of the combinations of this acid with various 
bafes mav be feen in Bergmann's treatife. 

This acid may be extracted, by thea&ion of nitric acid, 
from a number of vegetable fubftances, fuch as gums, ho- 
ney, flarch, gluten, or alcohol ; and from feveral animal 
fubftances, according to the difcovery of M. Berthollet, fuch 
as filk, wool, and lymph. 

M. de Morveau, who has made a very valuable feries of 
experiments on the acidoffugar, has proved that the whole 
of the fugar does not enter into the formation of the acid, 
but only one of its principles ; and he affirms that it is an 
attenuated oil which exifts in a variety of fubftances. 

Since it has beer' ascertained, from the experiments of 
Scheele, Weftrumb, Hermftadt, and others, that the acid 
of the fait of forrel does not at all differ from that of fugar, 
they have been accordingly confounded under the fame deno- 
mination ; and that fait which is known in commerce by the 
name of Salt of Sorrel, is an acidulous oxalate of pot-aih. 

The fait of forrel is made in Switzerland, in the Hartz, 
in the forefts of Thuringia, in Swabia, and elfewhere. It 
is extracted from the juice of the forrel called Alleluya. 
Juncker, Boerhaave, Margraff, and others, have defcribed 
the procefs ufed for its extraction. The juice of forrel is 
expreffed, diluted with water, filtered, and evaporated to 
the confidence of cream. It is then covered with oil, to 
prevent its fermentation, and left in a cellar for fix months. 

According to M. Savary, fifty pounds of this plant afford 
five and twenty of juice, from which no more than two 
ounces and an half of the fait are obtained. Six parts of 
boiling water diffolve one of the fait. It appears to cryftal- 
lize in parallelopipedons, according to De Liile. 

Margraff obferved that the nitric acid, digefted upon fait 
of forrel, afforded nitre. 

Calcareous earth has the property of difengaging the al- 
kali; and in this operation the carbonic acid of the chalk u- 
niteswiththe alkali ofthe faltand forms a carbonate of pot-afh. 

Salt of forrel unites with other bafes without yielding its 
own, fo that the refults are triple falts. See the Encyclo- 
pedic Methodique, torn. i. p. 200, 201. 
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The pure oxalic acid may be obtained by diftillation of 
this fait, as Mr. Savary informs us; or otherwife by de- 
priving it of its alkali by means of fulphuric acid, and diftil- 
iation, according to Wiegleb's method : or otherwife by 
the procefs of Scheele, which confifts in faturating the 
excefs of acid with ammoniac, and pouring the nitrate of 
barytes into the folution. The nitric acid then feizes the 
two alkalis, while the oxalic acid unites with the barytes, 
and falls down. The barytes is afterwards taken from its 
combination by the fulphuric acid, and leaves the oxalic 
acid difengaged. 

Scheele has likewife propofed another method of obtain- 
ing the pure oxalic acid. It confifts -in diflblving the fait in 
water, and pouring in a folution of fait of faturn. A pre- 
cipitate is formed ; and the fupernatant liquor contains the 
alkali of the fait of forrel, united with a portion of the vine- 
gar. The precipitate is then warned, and fulphuric acid 
poured on, which unites with the lead : and, by filtering 
and evaporating, the oxalic acid is obtained in cryftals, 
fimilar to thofe of the acid of fugar. 

Scheele has proved the identity of the acid of fait of for- 
rel with that which is extracted from fugar. He diffolved 
the acid of fugar to faturation in cold water, and into this 
he very gradually poured a well-faturated folution of pot- 
afh. During the effervefcence, he obferved that fmall 
tranfparent cryftals were formed, which were found to be 
a true fait of forrel. 

Mr. Hoffman has proved that the juice and the cryftals 

of the berberris vulgaris contain the oxalic acid combined 

with pot-afh. And the celebrated Scheele has proved that 

the earth of rhubarb is a combination of the oxalic acid with 

lime. 

ARTICLE IX. 

Cue Tiling the Vegetable Acids. 

The vegetable acids have been long confidered to be 
weaker than the others ; and this opinion was adhered to 
until it was obferved that the oxalic acid feized lime from 
the fulphuric acid. The principal character which mayferve 
to eftablifh a line of diftin&ion between the vegetable acids 
and others are — i. Their volatility; for there are none 
which do not rife with a moderate heat. 2. Their property 
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of leaving a coaly refidue after combuftion, and of emitting 
an empyreumatic fmell in burning. 3. The nature of their 
acidifiable bale which is in general oily. 

But are all the vegetable acids identical in their nature ? 
And may they not be confidered as modifications of one and 
the fame acids ? 

If we depend on the principle laid down by the celebrated 
Monro, who confiders no acids as identical but fuch as form 
exa&ly the fame falts with the fame bafe (Phil. Tranf. vol. 
lvii. p. 479), there will be no queftion but that all the 
known acids ought to be confidered as very different from 
each other. But this method of proceeding appears to me 
to be erroneous ; becaufe in this cafe the various degrees 
of faturation of the fame principle with oxigene, would 
eftablifh various kinds of acids. The flow or the rapid com- 
buftion of phofphorus caufes fufficient modifications in the 
acid to afford different phofphoric falts, according to the 
Experiments of Meff. Sage and Lavoifier. But ought we 
on this account to admit of two fpecies of phofphoric acid ? 
By following the method of Monro, which is that of mod 
chemifts, we might multiply the vegetable acids to infinity ; 
but by collating the experiments of Hermftadt, Crell, 
Scheele, Weflrumb, Berthollet, Lavoifier, &c. we may 
obferve that the vegetable acids are merely modifications of 
one or two primitive acids. 

1. Scheele obtained vinegar by treating fugar and gum 
with manganefe and the nitric acid. He obferved that tartar 
had the fame effect or habitude as fugar in the folution of 
manganefe by the nitric acids ; and that vinegar was found 
after the decompofition of ether. 

2. Mr. Grell, by boiling the refidue of nitric alcohol (dul- 
cified fpirit of nitre) with much nitric acid, taking care to 
adapt veffels to condenfe the vapour, and faturating what 
came over with alkali, obtained nitrate and the acetate of 
pot-afh. The latter being feparated by alcohol, gives out 
its vinegar by the ufual treatment. 

3. The fame chemift, by boiling the pure oxalic acid 
with twelve or fourteen parts of nitric acid, obferved that 
the former difappears ; and the receiver is found to con- 
tain nitrous acid, acetous acid, carbonic acid, and nitro- 
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genous gas ; and in the retort there remains a little calcare- 
ous earth*. 

4. By faturating the refidue of nitric alcohol with chalk, 
an infoluble fait is obtained ; which, treated with the ful- 
phuric acid affords a true tartareous acid. 

5. By boiling one part of oxalic acid with one part and a 
half of raanganefe, and a fufficient quantity of nitric acid, 
the manganefe is almoft totally diflblved, and vinegar with 
nitrous acid pafs into the recc'ver. 

6. By boiling tartareous acid and manganefe with the 
fulphuric acid, the manganefe is diflblved, and vinegar with 
fulphuric acid are obtained. 

7. By digefting for feveral months the tartareous acid and 
alcohol, the whole becomes changed into vinegar ; and the 
air of the veflels is found to confift of carbonic acid and 
nitrogene gas. 

From thefe fatts Crell concludes that the tartareous, ox- 
alic, and acetous acids, are merely modifications of the 
fame acid. 

In the Journal de Phyfique for September 1787, is in- 
fer ted a memoir of M. Hermftadt on the conversion of the 
oxalic and tartareous acids into acetous acid. 

1. By caufing theoxigenated muriatic acid to pafs through 
very pure alcohol, ether is produced ; and the oxigenated 
acid refumes its character of ordinary muriatic acid. The 
ether by diftillation affords — 1. Ether. 2. Muriatic alcohol. 
3. Vinegar mixed with regenerated muriatic acid. 

2. Nitric acid diftilled, for feveral fucceffive times, from 
the oxalic and tartareous acids, converts them totally into 
acetous acid. 

3. Two parts of oxalic acid, three of fulphuric acid, and 
four of manganefe, mixed with one part and a half of water, 
and didilled together, afford acetous acid, which requires 
to be recohobated and rediftilled to become very pure. 

4. If the fulphuric acid be boiled upon the oxalic or the 
tartareous acid, thefe two laft are not deflroyed, as Berg- 
mann thought, but they are converted into acetous acid. 

* There being an obvious overfight in the author's paragraph, I have 
tnken the liberty to re It ore the paffage from Crcll's original. Journal de 
Phyf. Oct. i785, quoted by Dr. Beddoes at the end of the Englilh 
Tranfiation of Schecle's EiTays. London, j789. T. 
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It is proved, by the experiments of M. Hermftadt, that the 
fulphureous acid in the receiver, when ether is made, is mix- 
ed with much acetous acid. 

It appears therefore to be proved that the tartareous, 
oxalic, and acetous acids differ from each other only in the 
proportion of oxigene. — In the above experiments the mineral 
acids are always decompofed ; and, by faturating the radi- 
cal with their oxigene, they conftantly form the acetous 
acid. If the faturation be not exaft, the refult is either 
oxalic or tartareous acid : which is (till more proved by a 
fine experiment of M. Hermftadt. If three parts of fuming 
nitric acid be put into the pneumatic apparatus, and a large- 
jar be adapted, filled with water ; if then one part of good 
alcohol be poured in, by a little at a time, the mixture will 
be heated every time a drop of the alcohol is let fall, and a 
great quantity of bubbles will rife into the receiver. When 
the operation is ended, if care be taken to collect the gas, 
it will be found to confifl of nitrous gas, a fmall quantity of 
carbonic acid, and about a twelfth part of the acetous air of 
Prieftly. The refidue affords oxalic acid and acetous acid. 
The oxalic acid difappears if the operation be continued ; 
ether is formed ; and the acetous acid remains, and becomes 
more in quantity. 

Mr. Hermftadt has likewife fucceeded in converting the 
acids of tamarinds, of citrons, of marc of grapes, the juice 
of plums, apples, pears, goofeberrics, berberries, forrei. and 
others, into the oxalic, tartareous, and acetous acid-. 

From all thefe experiments it appears, that the oxigene, 
combined with a principle of alcohol, forms the oxalic acid ; 
and that a more accurate faturation of this principle with 
oxigene forms the tartareous and acetous acids. 

M. Lavoifier has proved that the known vegetable acids 
do not differ from each other but in the proportion of hy- 
drogene and carbone, and in their degree of oxigenation. 

I have proved (in the Memoirs of the accademy of Sci- 
ences of Paris for the year 1786) that watef impregnated 
with the gas difengaged from the juice of grapes in fermen- 
tation, paffes the ftate of acetous acid. 

It appears that the vegetable acids may be confidered in 
two very different points of view. Mod of them exift in the 
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plant itftlf; but the properties and acid chara&ers are dif- 
guifed by their combination with other principles, fuch as 
oils, earths, alkalis, &e. On the other hand, feveral acids 
ar« extracted from vegetables, which did not exift in nature. 
In this cafe the plant contained only the radical, and the 
rea ent with which it is treated affords the oxigene. 

The mere diftillarion of molt vegetables is fufficient to 
develope an acid, which was difguifed by oily, alkaline, or 
earthy fubflanccs. 

i. The peculiar acid called the Pyro-mucilaginous acid, 
is afforded by diilillation by all plants which contain a fae- 
charinc juice. 

For the preparation of this acid, the quantity of fugar 
intended to be operated upon is put into a very capacious 
retort (the large fize being requifite, becaufc the matter 
fwells up), and a receiver fufficiently ample to condenfe the 
vapour is adapted. An aftonifhing quantity of carbonic 
acid and hydrogene gas are difengaged by the frrft impref- 
fion of the fire. A brown fluid remains in the receiver, 
mod of which confifts of a weak acid, colouring blue paper, 
-ud rendered dark by a portion of oil. The retort contains 
a ipongy coal. M. Schrickel advifes the rectification of the 
product of the firft diilillation from clay, in order to purify 
the acid : but M. de Morveau has rediftilled it without in- 
termedium 5 and the acid he obtained had only a flight yel- 
low tinge. Its fpecific gravity was 1,0115, the thermome- 
ter {landing at twenty degrees. 

As this acid rifes at the fame temperature as water, it is 
not poffible to concentrate it by diftillation. But this pur- 
pofe may be effected by freezing 5 and ha this manner it 
was that M. Schrickel prepared the acid he made ufe of to 
afcertain its combinations. 

This acid exifts in all bodies capable of pafling to the fpi- 
rkuous fermentation, while they contain only the radical of 
the oxalic acid. The pyromucilaginous acid is combined in 
tiie vegetable with oils in the laponaceous ftate. 

This concentrated acid has a very penetrating tafte. It 
ffrongly reddens blue colours. If it be expofed to heat in 
open veffels, it is diflipated, and leaves only a brown fpot. 
If it be heated inclofed veffels, it leaves a mcreccnfiierablfc 
refidue, of the nature of the coal of fugar. 

4 A 



504 PyroUgneous Acid. 

This acid fpeedily attacks the earthy and alkaline car- 
bonates, and forms falts differing from the oxalates. Ac- 
cording to Mr. Schrickei, it diflblves gold. He affirms that 
he made the experimenrin the pre.ence of Fred. Aug. Car- 
theufcr. Lemery 1 had averted that the fpirit of honey pof- 
feffed this property ; and this opinion is likewife fupported 
in the works of Depre, Etmuller, &c Neumann oppofed 
the affertion ; and the experiments of M. de Morveau con- 
firm thofe of this lalt chemift. 

Silver is not attacked by the pyromucilaginous acid ; but 
mercury combines with it by viitue of a long digeftion. 
Confult De Morveau. 

This acid corrodes lead, and forms a very flyptic fait in 
long cryftals. With copper it forms a green folution. It 
partly diflblves tin, and affords green cryftals with iron. 

2. The denomination of the Pyroligneous Acid has been 
given to the acid obtained by diftiilation from wood. It has 
been long known that the hardeft woods afford an acid prin- 
ciple, mixed with an oil, which partly difguifes its pro- 
perties ; but no one had directly attended to a determina- 
tion of the habitudes of this acid, till M. Goettling pub- 
limed, in CrelPs Annals for 1779, a feries of refearches 
on the acid of wood, and the ether it affords. 

M. de Morveau, to obtain this acid, diftilled fmall pieces 
of very dry beach in an iron retort, by a reverberator) 
furnace. He changes the receiver when the oil begins to 
rife, and rectifies his product by a fecond diftiilation. Fifty- 
five ounces of very dry chips afforded feventeen ounces of 
rectified acid, of an amber colour, not at all empyreuma- 
tic ; whofe fpecific gravity, compared with that of diftilled 
water, was as 49 : 48. 

This acid ftrongly reddens blue vegetable colours. One 
ounce required twenty-three ounces and a half of lime water 
for its complete faturation. 

It fupports the action of heat very well when it is engaged 
in an alkaline bafe ; but by a ftrong heat it is burned, like 
all the vegetable acids. 

It dees not precipitate martial folutions of a black colour. 

It unites with alkalis, earths, and metals. It does not 
give up lime or barytes to combine with cauftic alkalis. 
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The action of" the pyroligneous acid upon metallic fub- 
ftances, and upon alumine, may be compared with that of 
the acetous acid, and appears to follow the fame order. 

This acid diffolves near twice its weight of the oxide of 
lead. 

3. The citric acid. Lemon juice is in a difengaged (late 
in the fruit, and exhibits its acid properties without any 
preparation. This acid is neverthelefs always mixed with a 
mucilaginous principle, capable -of altering by fermentation. 
Mr. Gcorgius has defcribed, in the Memoirs of Stockholm 
for the year 1774, a method of purifying this acid without 
changing its properties. He fills a botle with lemon juice, 
clofes it with a cork, and preferves it in a cellar. The acid was 
preferved for four years, without corrupting. The mucila- 
ginous parts had fallen down in flocks ; and a folid cruft was 
formed beneath the cork, the acid itfeif having become as 
limpid as water. To dephlegmate the acid, he expofes it 
to froft ; and obfcrv.es that the temperature ought not to be 
too cold, becaufe in that cafe the whole would become folid ; 
and though the acid would thaw the fird, it would always 
be productive of fome inconvenience. In order to concen- 
trate it to better advantage, the ice muft be feparated as it 
forms. The firft ice is taftelefs, and the laft is rather four ; 
and by this means the liquor is reduced to half. The acid 
thus concentrated is eight times as ftrong, two gros only 
being required to faturate one gros of pot-afh 

The citric acid, when thus purified and concentrated, 
may be kept for feveral years in a bottle ; and ferves for all 
ufes, not excepting that of making lemonade. 

The chemifls in general who have examined the combina- 
tions of the citric acid, have ufed it in its original flate, 
embarraffed with its mucilaginous principle. Such is the 
refult of the experiments of M. Wenzel, who obtained only 
gummy products. But M de Morveau having faturated the 
purified acid with cryftals of pot-afh, found a non-deliquef- 
cent fait at the end of a certain time. 

The combinations of this acid arc little known. 

4. The malic acid — This acid was announced by Scheele 
in 1785, and publifned in Greil's Annals. In order to obtain 
it, the juice of apples is faturated with alkali, and the acetous 
folution of lead is poured in until it occasions no more pre- 
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cipitate. The precipitate is then edulcorated, and fulphuric 
acid poured on it until the liquor has acquired a frefh acid 
tafte, without any mixture of fweetnefs. The whole is then 
filtered, to feparate the fulphate of lead. This acid is very 
pure, always in the fluid ftate, and cannot be rendered 
concrete. 

It unites with the three alkalis, and forms deliquefqegj; 
neutral falts. When laturated with lime, it affords fmall 
irregular cryflals, which are foluble only in boiling water. 
Its habitude with barytes is the fame as with lime. 

With alumine it forms a neutral fait of fparing folubility 
in water, and with magnefia a deliquefcent fait. 

It differs from the citric acid — i. Bccaufc the citric acid 
faturated with lime, and precipitated by the fulphuric acid, 
cryflallizes ; whereas this is not cryftallizable. 2. The malic 
acid, treated with the nitric acid, affords the oxalic acid ; 
the citric does not afford it. 3. The citrate of lime is almofl 
infoluble in boiling water ; the malate of lime is more folu- 
ble. 4. The malic acid precipitates the folutions of the 
nitrates of lead, of mercury, and of filver ; but the citric 
acid produces no change. 5. If the folutions of the nitrate 
of ammoniac, and malate of lime, be boiled together for an 
inftant, the latter fait is decompofed, and nitrate of lime 
falls down ; which proves that the affinity of the malic acid 
with lime is weaker than that of the nitric. 

The celebrated Scheele, who has rendered us acquainted 
with this acid, has publifhed the following table of the 
fruits' which afford this acid, either pure or mixed with 
other acids. 

The expreffed juices of the fruits of 

Berberries vulgaris> the barberry tree, ""j 

Sambucus nigra, Elder, | Afford much malic acid and 

Prurms fpinofa, bloe, i» little or none of the ci- 

Sorbus aucup, Service, trie acid. 

Prunus domeftic. Garden plum, J 

Ribes grofTolaria, the Hairy Goofeberry> "1 

Ribes rubrum,the currant, 

Vaccinium mirtcllus. Whortleberry , . , ,„ „ 

r . ■ . ■ ' Appear to contain half of 

l.rataegus ana, common Lotus, V i i , ,,- ,■ , 

i rnnus ce^alns, cherry, 

Fragaria Vefca, Strawberry, 

Knbus chamemoni', Bilberry* 

Rebus id^us, Rafpberry, 



otb 
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Y accir.iuvn oxycacos, Tvlai'ihwhortlc, 

Vaccinium Vitis Jdaea, 

Prunus pa'dus, Bird's GJterry, ! Contains much citric, and lit- 

Solamim dulcamara, \ tie or noneof the malic acid, 

Cly no/bat os, Y. -;1 an tine, 

Citrus, Citron or Lemon, 

According to the fame chemift, the juice of green grapes, 
as well as that of tamarinds, contains only the acid of 
citrons. 

Scheele has likewife proved the exiftence of the malic 
acid in fugar. If weak nitrid acid be poured on fugar, and 
diftilled till the mixture begins to turn brown, all the ox- 
alic acid may be precipitated by the addition of lime-water ; 
and another acid will remain, which the lime-water does 
not precipitate. To obtain this acid in a date of purity, the 
liquor is Saturated by means of chalk, then filtered,; and al- 
cohol added, which occafions a coagulation. This coagu- 
lation, well warned inalcohol, is rediffolved in diftilled water, 
The malate of lime is decompofed by the acetate of lead ; 
and, laft of all, the malic acid is difengaged by the fulphu- 
ric acid. The alcohol by evaporation leaves a fub fiance 
rather bitter than fweet, which is deliquefcent, and refem- 
bles the faponaceous matter of lemon juice. If a fmall 
quantity of nitric acid be diftilled from this, the malic and 
oxalic acids are obtained. 

By treating various other fubftances with the nitric acid, 
the malic and oxalic acids are likewife obtained. Such are 
gum arabic, manna, fugar of milk, gum adragant, ftarch, 
and the fecula of potatoes. The extrad of nut-galls, the 
oil of parfley feed, the aqueous extract, of aloes, of coloquin- 
tida, of rhubarb, of opium, afforded not only the two acids 
to Mr. Scheele, but likewife much refm. 

This celebrated chemift, by treating feveral animal fub- 
ftances with very concentrated nitric acid, obtained the 
malic and the oxalic acids from them. Fifh glue, or ifmglafs, 
white of c^g, yolk of egg, and blood, treated in the. fame 
manner, afforded the fame products. 

There are few vegetables which do not exhibit fome acid 
more or lefs developed. We fee, for example, all fruits, 
infipid at firft, become infenfibly acid ; and fmifh by lofing 
that tafte, and become faccharine. There are fome which 
conftantly preferve an acid tafte, and form a particular clafs. 
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Some plants contain an acid principle di flu fed through 
the whole parenchyma or body of the vegetable. Such are 
the yellow gilly-flower, bardana or waterdock ; filipendula 
or dropwort, water crefles, the herb robert, &c. Thefe' 
plants fenfibly redden blue paper. 

There are others in which the acid principle exifts only 
in part of the plant; as, for example, in the leaves of the 
greater valerian, the fruit of the winter cherry and of the 
cornel tree, the bark of burdock, and the root of ariftolcchia 
or birthwort. 

Mr. Monro communicated fome experiments to the Royal 
Society of London, in 1767, which prove that certain 
vegetables contain acids nearly in a difengaged flate, and e- 
ven fuch as are the lead promifing on a flight examination. 

1. Having peeled two dozen of fummer apples, and cut 
them into fmall pieces, he poured water upon them, in 
which he had previoufly diffolved two ounces of foda, and 
left the whole to (land for fix days. The nitrated liquor, 
evaporated, and left in repofe for fix days more, afforded 
a beautiful fait, in fmall round tranfparent plates, placed 
edgewife on each other. 

2. The juice of mulberries clarified with the white of 
egg, and faturated with foda, afforded a pulverulent fait of 
no regular figure ; which by repeated folutions and evapora- 
tions, at lafl produced long cryflals, one kind being thin, 
and the other thicker, which croffed each other. 

3. He obtained fmall cubical or rhomboidal cryftals by 
treating peaches and oranges with foda. 

4. The green plum afforded, after feveral folutions and 
crystallizations, a neutral fait, which cryftallized without 
evaporation in large hexagonal plates, and partly in large 
rhombi. This fait had a hot tafte, and was foluble in three 
or four times its weight of cold water. 

5. The red goofeberry afforded, by evaporation and 
cooling, fmall very hard rhomboidal cryftals, not changea- 
ble in the air ; whofe tafle refembled that of the fait pro- 
duced by a combination of the acid citric with the fame bafe. 

The green goofeberry produced a faline crufl formed of 
fmall rhomboidal cryftals, and covered wilh their brilliant 
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6. The green grapes afforded Mr. Munro, by repeated 
folutions, a neutral fait, in fmall cubical cryflals, of a 
rhomboidal or parallelogramic figure, lying upon and in- 
terfecling each other 

The juice of hemloc afforded M. Baume a fait in^ fmall 
irregular cryflals, nearly taftelefs, but reddening the infufi- 
on of turnfole 

7. M. Rinman, in his Hiflory of Iron, places the forb- 
apple and floe among the fubftances capable of corroding 
and cleanfmg the furface of this metal, on account of their 
acid. 

When, by the decompofition of certain vegetables by the 
nitric acid, an acid was obtained as the lafl refult, it was 
thought to have exifled ready formed in the vegetable ; but 
a more intimate examination fhewed that the acid made ufe 
of in this operation was merely decompofed, while it deflroy- 
ed the organization of the vegetable, difunited the combina- 
tions which retained the principles, and that the oxigenous 
bafe of this acid, by uniting with an element of the vegeta- 
ble, formed a particular acid. This truth is deduced from 
the combined proceffes of M. Lavoifier, De Morveau, &c. 

It is to a fimilar caufe that we ought to attribute the for- 
mation of the acetous, the carbonic, and other vegetable 
acids; and even the rancidity of oils, and the alteration to 
which fome other principles of the vegetable kingdom are 
fubject. In thefe cafes the air affords the oxigene which 
becomes fixed in the plant, and gives it an acid nature. 

The oxalic acid does not exift ready formed in fugar, nei- 
ther is the camphoric acid ready formed in camphor. The 
fame may be obferved of feveral other acids which are ex- 
tracted by means of certain acids decompofed by being 
treated with vegetable fubftances. We fhall fpeak of thefe 
acids when we come to treat of their radical principles. 

ARTICLE X. 

Concerning Alkalis. 

Alkali exifts ready formed in plants. Duhamel and Groffe 
have proved that it might be extracted by means of acids. 
Margraff and Rouelle have added new proofs in fupport of 
the affertions of thefe chemifts. They have obferved, from 
their experiments, that the alkali exifted in a difengaged 
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ftate in vegetables : but thcfe experiments proved at faoft 
that their ftate of combination is fuch mat it may be broken 
by the mineral acids. The alkali, in fomc inftances, is 
nearly in a difengaged flate ; for it is found in combination 
with carbonic acid in the helianthus annuus. But the alkali 
of plants is often combined with the oily principle. 

When it is required to extract the alkali from a Vegetable 
fubftance, all the principles with which it may be united, 
are destroyed by fire ; and it is cleared from the refidues 
of the combuftion by lixiviation. This is the pro eels u fed 
to make the impure alkali, called fahn^ as we have already 
obferved. 

If wood remains a long time under water, it is deprived 
of its property of affording an alkali by combuftion ; becaufe 
the water diffolves the compounds which may contain it. 

Marine plants afford an alkali of another nature, known 
by the name of Soda. Vegetables poffefs the power of de- 
composing common fea fait, and retaining its alkaline bafe. 
All infipid plants are capable of affording more or lefs of 
ibda if they be raifed on the fea coaft ; but they perifh there 
in a fhort time. 

Ammoniac is likewife found in plants. The glutinous 
part of gramineous vegetables contains it, and gives it out to 
the nitric, muriatic, and other acids, according to M. Poul- 
letier : and nothing more is required than to triturate the 
efTential fait of wormwood with fixed alkali, to feparait the 
volatile. This alkali appears to be one of the principles of 
the tetradynamia, as thefe afford it by fimple diftillatidh. 

Alkalis likewife exi ft in plants in the flate of neutral falts- 
They are combined with the fulphuric acid in old borage 
and in fome auringent plants. The fulphate of pot-afh ap- 
pears to exift in almoft all vegetables, as the pot-afh con- 
tains more or lefs of it ; and the analyfis of tobacco has af- 
forded me a confiderable quantity. 

Tamarifc affords the fulphate of foda in fuch abundance, 
that by extracting it from the afhes of this plant, it can be 
afforded in very beautiful and pure cryftals at thirty livres 
the quintal. 

The greater turafcie, parietaria. and borage contain ni- 
trate of pct-afh. 
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The muriates of foda and of pot-afh are afforded by ma- 
rine plants. 

We likewifefmd the alkalis. combined with the acids of ve- 
getation, fuch as the oxalic, the tartareous, and other acids. 

It appears that the feveral falts are the products of the 
vegetation, and peculiar effect of the organization, of ve- 
getables. Two plants which grow in the fame foil, afford 
very different falts ; and each plant conftantly affords the 
fame kind. Befides this, Homberg obferved (Mem. Acad. 
Par. 1609) that the fame falts were developed by plants 
growing in earths previoufly well warned, and afterwards 
watered with diftilled water. 

We may therefore clafs falts among the principles of 
vegetables, and no longer confider them as accidentally 
contained in plants. I do not however deny that the com- 
buftion of a plant may not give rife to fome of them, and 
increafe or diminim the proportions of others. Combuflion 
mult form combinations which did not exift in the plant, 
and deftroy feveral of thofe which exifted before. The 
atmofpheric air employed in this operation muff unite with 
certain principles, and produce various remits. The nitro- 
gene gas which is precipitated in torrents in the focus of 
combuffion, probably combines with fome of the principles 
to form alkalis, and confequently may augment the quan- 
tity of thofe which naturally exifi in the plant. 

ARTICLE XL 

Concerning the colouring Principles. 

The object of the art of dying confifts in depriving one 
body of its colouring principle, to fix it upon another in a 
durable manner ; and the feries of manipulations neceffary 
to produce this effect, conflitutes the art itfelf. This art is 
one of the moil ufeful and wonderful of any we are acquaint- 
ed with ; and if there be any one of the arts which is capable 
of infpiring a noble pride, it is this. It not only affords the 
means of imitating nature in the riches and brilliancy of her 
colours ; but it appears to have furpaffed her in giving a 
greater degree of brilliancy, fixity, and folidity to the fuga- 
cious and tranfient colours with which {he has clothed the 
productions around us. 

4 B 
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The feries of operations which conftitute the art of dy- 
ing, are abfolutely dependant on the principles of chemiftry ; 
and though it is to accidents, or the very flight combina- 
tion of facts faggeftcd by the comparifon of a few circum- 
ftances, that we are indebted in this part of chemiltry for 
feveral excellent receipts, and fome principles ; yet it is 
not the lefs true, that no confiderable progrefs will ever be 
made, nor any folid foundation eftablifhed, but by analy- 
fing the operations, and reducing them to general princi- 
ples; which chemiftry alone can afford. The neceflity of 
eftablifhing proper principles is dill farther evinced by the 
uncertainty and continual trials which prevail in the manu- 
factories. The flighted: change in the nature of the fub- 
ftances puts the artift to a fland, infomuch that he is inca- 
pable of himfelf of remedying the defects which arife. 
Whence follow continual loffes, and a difecuraging alter- 
nation of fuccefs and disappointment. 

The little progrefs which chemiftry has hitherto made in 
the art of dying, depends on feveral caufes, which we (hall 
proceed to explain. 

The firft caufe of this flow progrefs depends on the diffi- 
culty of afcertaining with any degree of certainty the nature, 
properties, and affinities, of the colouring principle. In order 
to extract this principle, we mud be acquainted with the 
nature of its folvent ; we muft know whether the principle 
be in a ftate of purity, or mixed with other parts < f the 
vegetable •. whether this colouring matter conftft of one 
principle alone, or is formed by the union of a number : we 
muft alfo render ourfelves acquainted with its affinities with 
various kinds of fluff; for it is afcertained by experience- 
that certain colours adhere very well to wool, though they 
do not alter the whitenefs of cotton. In addition to thel'e 
neceffary parts of knowledge, it will likewife be required 
to determine its affinity with the mordant, for alum is the 
mordant for fome colours and not others: befides which, the 
action or effect of other bodies upon the colour when c!\cd 
muft be afcertained, in order to contrive the means of de- 
fending it from alteration, &c. 

The fecond caufe which has retarded the application of 
chemiftry to dying, is the difficulty the chemift: finds in pro- 
curing opportunities of making experiments in the large way. 
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Prejudice, which reigns defpotically in the dye-houfe, tends 
to expel the chemifl as a dangerous innovator ; and the 
proverb, that Experience is better than Science, contributes 
to prevent the introduction of improvements into manufac- 
tories. It is very certain that a dyer, confined to the mere 
practical part of his bufinefs, will without controverfy pro- 
duce a better fcarlet than a chemifl who is acquainted only 
with the principles ; for the fame reafon as a fimple work- 
man in clock-making will make a better watch than the mod 
celebrated mechanic. In thefe cafes we may admit that ex- 
perience is better than fcience; but when it is required to 
refolve any problem, to explain any phenomenon, or to 
difcover fome error in the complicated details of an opera- 
tion, the mere artizan is at the end of his knowledge, is 
totally at a lofs, and would derive the greatefl advantage 
from the affiftance of the man of fcience. 

Another caufe of the flow progrefs of chemiflry in the 
art of dying, is, that mofl of the works which treat upon 
this art are confined to defcriptions of the proceffes ufed in 
the manufactories. Thefe works, it mufl be admitted, pof- 
fefs their advantages ; but they do not advance the fcience 
of operations a fingle ftep. They only exhibit the fketch 
of a country, without indicating either its relative fituation, 
or the nature of its products. It has indeed been very diffi- 
cult, till lately, to do more than this ; becaufe the gaffes, 
which are fo greatly concerned in this part of chemiflry, 
were unknown ; becaufe the action of light and of the air, 
which is fo powerful upon colours, was a fact of which 
neither the caufe nor the theory could be known ; and more 
particularly becaufe the falts and combinations of three, 
four and five principles were not known, though they very 
much tend to render the effects of operations on vegetables 
more complicated. 

In order therefore to make a progrefs in the art of dying, 
we mufl ground our reafoning on other principles. I fhall 
proceed to fketch out a plan which feems to me to be adapt- 
ed to this purpofe. We fhall examine — 

1. The manner in which the colours of various bodies 
are developed and formed. 

2. The nature of the combinations of thefe fame colours 
in thefe bodies, and the propereft means of extracting them. 
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3. The moft advantageous proceffes for applying them. 

1. Colours are all formed in the folar light. The property 
which bodies poflefs of abforbing fome rays, and reflecting 
others, forms the various tinges of colours with which they 
are decorated, as is proved from the experiments of Newton. 

From this principle we may confider the art of dying un- 
der two very different points of view. For we may deter- 
mine the colour upon a body either by changing the form 
and difpofition of its pores ; fo that it may acquire the pro- 
perty of reflecting a different kind of rays from thofe which 
it reflected before it was fubjected to thefe mechanical ope- 
rations. Thus it is that by trituration we change the colour 
of many bodies ; and to this caufe it is that we mufl refer all 
the effects dependant on the reflexibility and refrangibi- 
lity of rays. This coloration depends, as we fee, merely 
on the changes produced in the furfaces of bodies, or the 
difpofition of their pores. The phenomena of refrangibility 
depend on the denfity or fpecific gravity of bodies, accord- 
ing to Newton and Delavai. 

The other method of caufmg a body to exhibit a deter- 
minate colour, confifts in transferring to the furface of the 
body fome other body or fubftance which pofleffes the pro- 
perty of reflecting this known ray. This is the effect chief- 
ly produced by dying. 

But in what manner do the coloured bodies of the three 
kingdoms of nature acquire the property of conflantly re- 
flecting one determinate kind of rays ? This is a very deli- 
cate queftion ; for the elucidation of which I mall bring to- 
gether a few facts. 

It appears that the three colours which are the moil 
eminently primitive in the arts ; thofe which form all the 
others by their combination, and confequently the only 
colours to which we need pay attention ; that is to fay, the 
blue, the yellow, and the red — are developed in the bodies 
of the three kingdoms by a greater or lefs abforption of oxi- 
gene, which combines with the various principles of thofe 
bodies. 

In the mineral kingdom, the firfl imprefiion of fire, or 
the firfl degree of calcination, developes a blue colour, fome- 
times interfperfed with yellow, as is obfervable when lead, 
tin, copper, iron, or other metals, are expofed in a ftate 
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of fufion to the action of the air, to haften their cooling. 
This may be efpecially obferved in fteel plates which are 
coloured blue by heating. 

Metals acquire the property of reflecting the yellow colour 
by combining with a greater quantity of oxigene ; and ac- 
cordingly we perceive this colour in mod of them, in pro- 
portion as the calcination advances. Mafficot, litharge, 
ochre, orpiment, and yellow precipitate, are inflances of 
this. 

A ftronger combination of oxigene appears to produce 
the red ; whence we obtain minium, colcothar, red pre- 
cipitate, &c. 

This procefs is not uniform through all the bodies of the 
mineral kingdom ; for it is natural to infer that the effects 
rauft be modified by the nature of the bafe with which the 
oxigene combines. Thus it is that in fome of them we 
perceive the blue colour almoft immediately followed by a 
black ; as may eafily be accounted for, on the confideration 
that there is a very flight difference between the property of 
reflecting the weakefl rays and that of reflecting none at all. 

To give additional force to the obfervations here made, 
we may alfo take notice that the metals themfelves are mod 
of them colourlefs, and become coloured by calcination ; 
that is to fay, by the fixation and combination of oxigene. 

The effects of the combination of oxigene are equally 
evident in the mineral as in the vegetable kingdom ; and, 
in order to convince ourfelves of this, we need only follow 
the operations in the method of preparing and developing 
the principle blue colours, fuchas indigo, paftel, turnfole,&c. 

Indigo is extracted from a plant known by the name of 
Anillo by the Spaniards, and the Indigo plant by us. It is 
the Idingofera tinttoria of Linnaeus. It is cultivated at Saint 
Domingo, in the Antilles, and in the Eaft Indies. The boughs 
are cut every two months, and the root lads two years. 
The plant is laid to ferment in a trough called the ileeping 
trough, which is filled with water. At the end of a certain 
time the water heats, emits bubbles, and becomes of a blue 
colour. It is then patted into another veffelor trough, cal- 
led the 'beating trough (batterie), where the fluid is 
ftrongly beaten or agitated by a mill with pallets, to con- 
denfe the fubftance of the indigo. As foon as the water is 
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become infipid, it is drawn off; and the depofition of the 
fecula is made in a third veflel, called the fettling trough 
(repoioir), where it dries, and is taken out to form the 
loaves diftributed in commerce. 

The paftel is a colour which is extracted in Upper Lan- 
guedec, by fermenting the leaves of the plant after having 
firft bTuifed them. The fermentation is promoted by moif- 
tening them with the mofl putrid water that can be procured. 

The woad is prepared in Normandy in the fame manner 
as the paftel. 

Turnfole is prepared at Grand Galargues by foaking rags 
in the juice of the croton tinclorium, and afterwards expef- 
ing them to the vapour of urine or dung. 

We likewife obferve that the firft degree of combination 
of oxigene with oil (incombuftion) developes the blue co- 
lour for the inftant. 

The blue colour is formed in dead vegetables only by 
fermentation. Now in thefe cafes there is a fixation of oxi- 
gene. This oxigene combines with the fecula in indigo, with 
an extractive principle in turnfole, &c ; and mod colours 
are likewife iufceptible of being converted into red by a 
greater quantity of oxigene. Thus it is that turnfole reddens 
by expofure to air, or to the action of acids : becaufe the 
acid isdecompofedupon the mucilage, which is the receptacle 
of the colour ; as may be feen in fyrup of violets, upon 
which the acids are decompofed when concentrated. The 
fame thing does not happen when a fecula is faturated with 
oxigene, and does not admit of the decompofition of the 
acid. Hence it is that indigo does not become red by acids, 
but is on the contrary foluble in them. It is likewife for 
the fame reafon that we obferve a red colour developed in 
vegetables in which an acid continually acts, as in the leaves 
of the oxalis, of the virgin vine, the common forrel, and 
the ordinary vine. Hence alfo it happens that acids brighten 
mod of the red colours ; and that a very highly charged 
metallic oxide is ufed as the mordant for fcarlet. 

We find the fame colours developed in the animal king- 
dom by the combination of the fame principle. "When fielh- 
meat putrefies, the firft imprefhon of the oxigene confifts in 
producing a blue colour ; whence the blue appearance of 
mortifications, of flefii becoming putrid, of game too long 
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kept, or the appearance which in our kitchens in France is 
called cordon bleu. This blue colour is fucceeded, by red, 
as is obferved in the preparation of cheefes, which become 
covered with a mouldinefs at firfl of a blue colour, but af- 
terwards becoming red : I have purfued thefe phenomena 
in the preparation of the cheefes at Rocquefort. The combi- 
nation of oxigene, and the proportional quantity which en- 
ters into fuch combination, determine therefore the pro- 
perty of reflecting any particular rays of light. But it may 
eafilybe underflood that the colour muft befubject to vari- 
ation according to the nature of the principle with which it 
combines ; and this points out a feries of very interefting 
experiments that remain to be made. 

All the phenomena of the combination of air with the 
feveral principles in different proportions may be obferved 
in the flame of bodies actually on fire. This flame is blue 
when the combuftion is flow ; red, when ftronger and more 
complete ; and white, when ftill more perfect. For thefe 
final degrees of oxidation in general produce a white colour, 
becaufe all the rays are then equally reflected. 

From the foregoing facts we may conclude that the blue 
ray is the weakeft, and is consequently reflected by the firft 
combination of oxigene. We may add the following fact to 
thofe we have already exhibited. The colour of the atmof- 
phere is bluilh ; the light of the ftars is blue, as M.Mariotte 
has proved, in the year 1678, by receiving the light of the 
moon upon white paper : the light of a clear day reflected 
into the fhade by mow, is of a fine blue,, according to the 
observations of Daniel Major, (Ephem. des Curiof. de hi 
Nature, 1671, premier Dec). 

The colouring principle is found in vegetables in four 
Mates of combination — 1. With the extractive principle. 2. 
With the refmous principle. 3. With a fecuia. 4. With 
a gummy principle. — Thefe four dates in which we And tne 
colouring principle, indicate to us the means of extracting it.^ 

A. When the receptacle of the colour is of the nature of 
extracts, water is capable of difiblving the whole : luch is 
that of logwood, turnfole, madder, cocheniiie, &c. Nothing 
more is neceflar^ than to mfufe thefe fubflcarices in water, 
for the purpofe of extracting their colouring principle. _ If 
any. fluff be plunged inthis folution, it will be covered with 
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a body of colour, which will be a mere (lain, that may be 
again cleared off by water. To obviate this inconvenience, 
it has therefore been found necefiary to impregnate the 
fluffs on which the colours were intended to be applied with 
fome fait or other principle, which might change the na- 
ture of the colouring matter, and give it fixity, by depriving 
it of its folubility in water. It is this fubfiance which is 
diftinguifhed by the name of Mordant. It is likewile neccf- 
fary that the mordant fhould have an affinity with the prin- 
ciple of colour ; in order that it may become its receiver. 
Hence it arifes that mod of thefe colours, fuch as turnfole, 
Brafil wood, &c. are not fixed by thefe mordants ; hence 
alfo it arifes that cochenille does not form a fine fear let, un- 
lefs it has tin for its mordant. It is necefiary, moreover, that 
the mordant have due relation to the nature of the ft uff ; 
for the fame compofition which gives a fine fcarlet colour to 
wool, gives a colour of wine lees to iilk, and does not even 
change the white colour of cotton. 

B. There are certain refmous colouring matters foluble 
in fpirit of wine : fuch are the pharmaceutical tinctures : 
they are ufed only in the arts for dying ribbons. There 
are other colouring matters combined with feculce, which 
water does not difiolve : rocou, archil, indigo, and the red 
colour of oriental faffron, are of this kind. 

Rocou is a refmous fecula obtained by macerating the 
feeds of an American tree called Urucu in water. In this 
operation the extractive part is deflroyed by fermentation, 
and the refmous fecula is collected in a parte of a deep yel- 
low colour. The pafte of rocou, diffufed in water with the 
impure alkali called cendres gravities, affords a fine orange 
colour. 

Archil is a pafte prepared by macerating certain moffes 

and lichens in urine with lime. Alkalis extract a violet colour. 

Archil is made in Corfica, in Auvergne, at Lyons, &c. 

The Archil of the Canaries is lefs charrred with lime. 

o 

That which I procured, exhibited in its texture the fibres 
of theplant, not completely decompofed by the fermentation. 
The archil of the Canaries, or the archil in the herb, is 
afforded by a lichen called, Orcclla^ rocella, lichen fruticu- 
hfus 9 folidus 9 aphyUus, fu.br a?nof us i tuber cutis altcrnis, Linruzi. 
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The parella or archil of Auvergne is made with the lichen 
pareHus Linnsei. 

The colouring matters, ofthisclafs are all foluble in alkali 
or lime ; and thefe are the fubflances ufed to diffolve them 
in water, and precipitate them upon fluffs. Lime is the 
true folvent of indigo; but alkali is the folvent of other 
fubftances of the fame clafs. For example : when it is 
required to make ufe of the colouring matter of baftard 
faffron, the firil proceeding confids in wafhing it in much 
water, to clear it of the extractive and yellowifh principle, 
which is very abundant ; and the refmous principle is after- 
wards diffolved by means of alkali, from which folvent it is 
precipitated upon the fluffs by means of acids. In this man- 
ner it is that the poppy-coloured filkis made. This refmous 
principle may alfo be combined with talc, after it has been 
extracted by an alkali, and precipitated by an acid ; in 
which cafe the refult is vegetable red. To make this pig- 
ment, the yellow colour of faffron or carthamus is firfl ex- 
tracted by means of wafhing. Five or fix per cent, of its 
weight of foda is mixed with the refidue ; and cold water 
poured on, which takes up a yellow matter ; and this, by 
the addition of lemon juice, depofits a redfecula. The red 
fecula, mixed with levigated talc, and moiilened with le- 
mon juice, forms apafle, v.'hich is put into pots to dry. If 
the red be foluble in fpirit of wine, it is vegetable j but if 
not it is mineral, and is ufually vermilion. 

Acids may be ufed inflead of alkalis in fixing fome of 
thefe colours upon fluffs. To make a permanent blue, in- 
flead of diffolving indigo by means of lime, it is fometimes 
diffolved in oil of vitriol. This folution is poured into the 
bath, and the alumed fluff is paffed through it. Flannels 
are died blue at Montpellier in this way. This operation 
depends merely on an extreme divifion of the indigo by the 
acid. 

D. There are fome colouring principles fixed by arefin ; 
but which, by the afliflance of extractive matter, may be 
fafpended by water. The fluffs are boiled in this folution ; 
the refmous part applies itfelf to them, and adheres with 
fufficient folidity not to be again carried off by water. 

No preparation is required to dye with thefe ingredients, 
nothing more being neceffary than to boil the fluff in a 

4 c 
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decoction of the colour. The principal fubflances of this 
kind are, the hufk of walnuts, the roots of the walnut 
tree, fumach, fantal, the bark of elder, Sec. All thefe 
fubftances, which require no mordants, afford only a bun- 
coloured tinge, which dyers call Root Colours. The 
colouring matter of certain vegetables may likewiie be 
extracted by oils. In this way oils are coloured red by in- 
fufing alkanet, or the root of a certain fpecies of buglois, in 
them. 

In order to apply colouring matter properly upon any 
fluff, it is neceffary to prepare the fluff, and difpofe it to 
receive the colouring principle. For this purpofe it mud 
be wafhed, bleached, and cleared of that glutinous matter 
which defends it from the deftructive action of the air while 
it gi ovvs on the animal which affords it; and impregnated 
with the mordant which fixes the colour, and gives it pecu- 
liar properties. 

A. The firfl operation required to difpofe a fluff to 
receive colour, is bleaching ; becaufe the whiter it is, the 
more natural and accurate will be the colour it takes. If 
this precaution be not taken, the fuccefs will be uncertain. 
To bleach piece-goods, the operator is fatisfied with boiling 
them in an alkaline lixivium, and expofmg them afterwards 
to the air, to render the whitenefs more perfect. This ope- 
ration depends on the action of the oxigene, which com- 
bines with the colouring principle, and deflroys it ; as is 
evidently demonftrated by the late experiments of M. Ber- 
thollet on the oxigenatcd muriatic acid, which bleaches 
cloths and cottons with fuch facility, that it is alreadv ufed 
for this purpofe in feveral manufactories. 

Cotton is bleached in fome manufactories by a very inge- 
nious procefs. A boiler is firmly fet in mafonry, and a 
cover fitted to it in the ftrongeft manner ; this boiler has an 
elliptical figure. Alkali rendered cauflic by lime is put into 
the bottom of this veffel ; and ihe goods intended to be 
bleached are put into a baiket which prevents their touching 
the fides of the boiler. When the piece-goods are properly 
placed, the covering is fixed on, which is pierced by a 
very fmall aperture, to permit a portion of the aqueous 
vapour to efcape. A degree of heat much fuperior to that 
of boiling water is excited in the folutiort of pot-afh : r.nd 
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the heat, afiifled by the corrofive action of the pot-am in 
this kind of Papin's digefter, deftroys the colouring prin- 
ciple of the cottons, and gives them the utmofl whitenefs. 

B. That kind of gluten which envelopes almoft every ani- 
mal fubilance, but more efpecially raw filk, is infoluble ij. 
water and in alcohol. It is only attacked by alkalis and 
fon;\s ; and for this purpefe the operation of cleanfmg is 
died'. Any (luff mav be cleared of its glutinous part by 
boiling or even digefling it in a folution of alkali j but it 
has been obferved that a pure alkali alters the goodnefs and 
quality of the fluff ; for which reafon foaps have been fub- 
ftiluted in its ile"ad. For this purpofethe fluff is fteepedin 
a fclution of foap, heated to a lefs degree than boiling. 
The academy of Lyons, in the year 176 > , propofed a prize 
for the means of clearing raw filks without foap. It was 
adjudged to M. Rigaut, of St. Quentin, who propofed a 
folutiorl of fait offoda. 

It has been lately afcertained that water, heated above 
the degree of ebullition, is capable of diffolving this colour- 
ing principle. A boiler fimilar to that which I have juft 
defcribed, may be ufed for this purpofe. 

In order to bleach cotton, and difpofe it for the dying 
proceffes, it is cleanfed by means of a liquid foap made of 
oil and foda. 

The piece-goods are cleared by this boiling from the var- 
nim, which would prevent the colour from applying and fix- 
ing itfelf in a permanent manner; at the fame time that it 
opens the pores of the (luff for the better reception of the 
colour. 

When the piece is thus prepared, its pores being very 
open, and its colour very v. hite, nothing remains to be done 
previous to the application of the dye, but to impregnate it 
with the mordant or principle which is to receive the colour 
and change its nature fo much, that neither water, foap, 
nor any of the reagents ufed as proofs, may be capable of 
extracting it. It'is neccnary therefore — t. That the mor- 
dant itfelf mould be very white, that it may not alter the 
colour prefented to it. 2. That it be not fubject to corrup- 
tion ; and for this purpofe it mull be fought among the earths 
and metallic oxides. 3. That it be in a flate of extreme 
divifion, in order that it may fix itfelf in the pores. 4. That 
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it be infoluble in water and the other reagents. 5. That 
its affinity with the colouring matter and the duff be very 
great. 

Alum and the muriate of tin, are the two falts whofe 
bafes unite thefe properties in the mod efficacious manner. 
The fluffs having undergone the previous operations are 
therefore deeped in folutions of thefe falts ; and when they 
are impregnated, they are parted through the colouring 
bath : and by the decompofition, or change of principles 
between the mordant and the principle which holds the co- 
lour in folution, the colour is precipitated on the bafe of 
the mordant, and adheres to it. 

Certain vegetable fubdances are likewifc difpofed to take 
fome colours by animalizing them. In this way cows' dung 
and bullock's blood areufed in dying cotton ; for it is a de- 
cided fact that animal fubdances take colours better than 
vegetables. 

ARTICLE XH. 

Concerning the Pollen, or Fecundating Powder oftl.c Stamina of Vege- 
tables. 

Modern discoveries and obfervations have pointed out the 
fexual parts of plants; and we find nearly the fame forms in 
the organs, the fame means in the functions, and the fame 
characters in the prolific humours, as in animals. 

The prolific humour in the male part is elaborated by the 
anthera : and as the organs of the plant do not admit of an 
actual intromiffion of the male into the female, becaufe vege- 
tables are not capable of loco-motion, nature has beflowed 
on the fecundating feed the character of a powder ; which 
the agitation of the air, and other caufes, may carry away 
and precipitate upon the female. There is a degree of 
ehdicity in the anthera, which caufes it to open, and 
eject the globules. It has even been obferved that the pidil 
opened at the fame time, to receive the pollen, in certain 
vegetables. The refources of nature to allure the fecun- 
dation are admirable. The male and female parts almoft 
always repofe in the fame flower ; and the petals are al\va\ s 
difpofed in the mod advantageous manner to favour the 
reproduction of the fpecies. Sometimes the male and female 
upon the fame individual, but placed upon different dow- 
ers ; at other times both are attached to ifolated and feparate 
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individuals, and then the fecundation is made by the pollen 
which the wind or air detaches from the anthers, and tranf- 
raits to the female. 

The fecundating powder has almoft. conflantly the fmell 
of the fpermatic liquor of animals. The fmell of cabbages 
in bloffom, of the chefnut tree, and mod other vegetables, 
exhibits this analogy to fuch a degree, that the one odour 
might even be miftaken for the other. 

The pollen is generally of a refinous nature, foluble ill 
alkalis and in alcohol. Like refins, it is inflammable; and 
the aura which is formed around certain vegetables at the 
time of fecundation, may be fet on fire, as was obferved by 
Mademoifelle Linne in the fraxinella. 

Nature, which has employed lefs ceconomical means in 
the fecundation of plants, and who entrufts thefe operations 
almoft to chance, fince (he delivers the fecundating powder 
to the winds, muft of courfe have been prodigal in the for- 
mation of this humour, more efpecially for the trees of the 
monoecia and dioecia genera, where the production is more 
expofed to accidental impediments. Hence we may account 
for thofe pretended mowers of fulphur, which are never 
common but in fuch diftricts as abound with the hazel, fil- 
bert, and pine-trees. 

As the pollen could not be expofed by nature to the vary- 
ing temperatures of the atmofphere, me has facilitated its 
development in the moft rapid manner. A warm fun very 
frequently fuflices to open the concealed organs of the plant, 
to develope and procure its fecundatiou. On this account 
the author of Les Etudes de la Nature affirms, that the colo- 
ration of plants is defigned to reflect the light more vividly., 
and that moft flowers affect the moft advantageous form to 
concentrate the folar rays on the parts of generation. 

The parts employed in thefe functions are endued with an 
aftonifhing degree of irritability. M. des Fontaines has 
made fome very interefting observations on this fubject ; and 
the pgitated motions which fome pfarus affect in order to 
follow the courfe of the fun, are determined by nature, in 
order that the great work of generation, favoured by the 
fun, may be acccmplifhe.t in the leaft poflihle time. 
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The wax of bees is merely the pollen very Utile altered. 
The'fe infects have their femurs provided with rugofities to 
brufn the pollen from the anihera?, and convey it to their 
nefts. 

There appears to exifl in the very texture of fume flowers, 
which are rich in fecundating powder, a matter analogous 
to wax, which may be extracted by aqueous decoction. 
Such are the male catkins of the betula alnus, thofe of the 
pine, &c. the leaves of rofemary, of officinal fkge 1 , the fruits 
of the mirica cerifera, fufFer wax to tranfude through the 
pores. 

It appears that wax and the pollen have for their bafis a 
fat oil, which paffes to the flate of refm by its combination 
with Oxigene. If the nitric or muriatic acid bedigefted upon 
fixed oil for feveral months, it paffes to a flate refembling wax. 

Wax, by repeated diflillations, affords an oil which pof- 
feffes all the properties of volatile oils. It is reduced into 
water and carbonic acid by combuftion. 

The colouring matter of wax appears to be of the fame 
nature as that of filk ; it is infoluble in water and in alcohol. 
In the arts, wax is bleached by dividing it prodigioufly ; for 
which purpofe oil is poured in fufion upon the furface of a 
cylinder, which revolves at the furface of water. The 
which falls applies itfelf to the fuperficies, and is red 
into very thin flakes or ribbons. It is afterwards ex s 
to the air upon tables, taking care to ftir it from time to 
time, and by this means it becomes white. 

Alkalis diflblve wax, and render it foluble in water. It 
is this faponaceous folution which forms the Punic wax. It 
may be ufed as the bafis of feveral colours ; and may be made 
into an excellent parte for warning the hands. It is likewife 
applied with a brum upon feveral bodies : but it would be 
hio-hly advantageous if it could be deprived of its folvent, 
which conftantly acts, and is the caufe why it cannot be 
applied to feveral ufes, in which otherwife it might be found 
advantageous. 

Ammoniac likewife diffolves it ; and as this folvent is 
evaporable, it ought to be preferred when it is propofed to 
tife the wax as a varnifh. 
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article xiii. 

C jr.c" nnr;- Honey. 

Honey, or the nectar of flowe-rs, is contained chiefly in 
the bafe of the piftil, or female organ. It ferves as food for 
moft infects which have a probofcis. Thefe animals plunge 
their probofcis into the piftil, and fuck out the nectar. It 
appears to be a folution of fugar in mucilage ; the fugar is 
fome times precipitated in cryflals, as in the nectar of the 
flower of balfamina. 

The nectar undergoes no alteration in the body of the 
bee, fince we can form honey by concentrating the nectar. 
It retains the odour, and not unfrequently the noxious qua- 
lities of the plant which affords it. 

The fecretion of the nectar is made during the feafon of 
fecundation. It may be confidered as the vehicle and reci- 
pient of the fecundating duff, which facilitates the burflingof 
the globules, filled with this fecundating powder : for Lin- 
naeus and Tcurnefort have both obferved that nothing more 
is required than to expofe the pollen upon water, to aflift the 
development. All the internal part of the ftyle of the piftil 
is "impregnated with it. And if the internal part of the 
female organs be dryed by heat, the pollen no longer fecun- 
dates. 

Honey exfudes from all the female parts, but particularly 
from the ovaria. Pores may even be obferved in hyacinths, 
through which it flows. 

Such flowers as have only the male parts do not in gene- 
ral afford honey ; and the organs which afford the nectar 
dry up and wither from the moment the act of conception is 
accomplifhed. Honey may therefore be confidered as ne- 
ceffiry to fecundation ; it is the humour afforded by the 
female to receive the fecundating powder, and facilitate the 
opening and explofion of the fmall bodies which contain the 
pollen ; for it has been obferved that thefe bodies open the 
moment they touch the furface of any liquid which moiflens 
them. 

ARTICLE XIV. 
Concerning the Ligneous Part of Vegetables. 

Chernifls have conftantly directed their attention to the 
analyfis of vegetable juices \ but they appear to have com- 
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pletely neglected the folic! part of the vegetable, which in 
every point of view is entitled to particular attention. It 
is this ligneous portion which forms the vegetable fibre ; 
and ibis matter not only conftitutes the bafis of the vegeta- 
ble, but is likewife developed in circumltances which de- 
pend on the vital functions of the plant. It forms the pulp 
of feeds, the lanuginous covering which overfpreads certain 
plants, &ci The character of the ligneous part is, an in- 
fallibility in water and almoft every other menftruum. The 
iulphuric acid only blackens in, and is decompofed upon ir, 
as is likewife the nitric acid. But one very peculiar charac- 
ter of this principle is, that the concourfe of air and water 
alters it very difficultly ; and that, when it is well deprived 
of all its moifture, it absolutely refills every kind of fermen- 
tation ; inlbmuch that it would be indeftructible, if infech 
had not the property of gnawing and feeding upon it. It 
appears that the vegetable fibre confifls of the bafis of mu- 
cilage hardened by its combination with a greater quantity 
of oxigene. Several reafons led us to adopt this idea. In 
the ferft place, the diluted nitric acid being put to digeft upon 
iecula is decompofed, and caufes the fecula to pafs to a date 
rdembling that of ligneous matter. 1 have obferved, in the 
iecond place, that thofe fungi which grow in fubteraneous 
places void of light and are refolved into a very acid water, 
if left in a veffel, acquire a greater quantity of the ligneous 
principle, in proportion as they are expofed by degrees to 
the light ; at the fame time that the acid is diminifhed by 
decomposition, and at length difappears. 

The tranfition of mucilage to the ftate of ligneous matter 
is very evident in the growth of vegetables. The cellular 
envelope which is immediately covered by the epidermis 
exhibits nothing but mucilage and glands ; but by degrees 
it hardens, forms a ftratum of the cortical coating, and at 
laft concludes by becoming one of the ligneous rings. 

We obferve this tranfition in certain plants which are 
annual in cold climates, and vivacious in temperate climates. 
in the former they are herbaceous, becaufe the periodical 
return of the cold weather dees not permit them to develope 
themielves. In the fecond they become aborefcent ; and 
the progrefs of time hardens the mucilage, and forms lig- 
neous coatings. 
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The induration of the fibrous part may be accelerated by 
caufing the air and light to act more ftrongly upon it. M. 
de Buffori has obferved that, when a tree is deprived of its 
bark, the external part of the wood which is expofed to the 
air acquires a conliderable degree of hardnefs ; and trees 
thus prepared form pieces of carpentry much morefolid than 
thofe which have not undergone fuch preparation. 

It is probably owing to the large quantity of pure air with 
which the fibrous matter is loaded, that it is not difpofed to 
putrefy ; and it is in confequence of this mod valuable pro- 
perty of not being fubject to corruption, that arts have been 
ii /rated for clearing it of all fermentable principles of the 
vegetable kingdom, to obtain it in its greareft purity in the 
fabrication or cloths, paper, &c. We mail again return to 
thefe objects, when we treat of the alterations to which the 
Vegetable kingdom is fubiect. 

ARTICLE XV. 
Concerning other fixed principles of the Vegetable Kingdom, 

The volatile oil of horfe-radifh had formerly afforded 
fulphur, which is depofited by {landing, according to the 
observations of fome chemifts ; but M. Deyeux has taught 
us to extract this inflammable principle from the root of the 
herb patience. Nothing is required to be done but to rafp 
the root, boil, take off the fcum, and dry it. This fcum af- 
fords much fulphur in fubftance ; and it is perhaps to this 
principle that thefe plants owe their virtue, fince they are 
ufed in fkin diforders. 

Vegetables in their analyfis likewife prefent us with certain 
metals, fuch as iron, gold, and manganefe. The iron forms 
hear one twelfth of the weight of the afhes of hard wood, 
i\\ch as oak. It may be extracted by the magnet. It does 
not appear to exift in a perfectly difengaged ftate in the ve- 
getable ; neverthelefs we read, in the Journaux de Phyfique 
an observation' in which it is affirmed, that it was found, 
in metallic grains in fruits. The iron is ufually held in folu- 
tion in the acids of vegetation, from which it may be preci- 
pitated by alkalis. The existence of this metal has been at-, 
tributed to the wearing of ploughfhares, and other inft.ru-- 
ments of hufbandry, and to the faculty which plants poffeft; 

4 D 
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of imbibing it with their nutritive juices. The Abbe No- 
let and others have embraced this unphilofophical notion. It 
is the fame with rhe iron as with the other falts. They are 
produced by vegetation ; and vegetables watered with diftil- 
led water afford it as well as others. 

Beccher and Kunckel afcertained the pvefence of gold in 
plants. M. Sage was invited to repeat the procefiesby way 
of afcertaining the fac"l. He found gold in the allies of vine 
twigs, and announced it to the public. After this chcmifl, 
molt perfons who have attended to this object have found 
gold ; but in much lefs quantity than M. Sage had announ- 
ced. The mod accurate analyfes have fhewn no more than 
two grains ; whereas M. Sage had fpoken of feveral ounces 
in the quintal. The procefs for extracting gold from the 
afhes confifts in fufmg them with black flux and minium. 
The lead which is produced is then cupelled, to afcertain 
the fmall quantity of gold with which it became alloyed in 
this operation. 

Scheele has alfo obtained manganefe in the analyfis of ve- 
getable afhes. His procefs confifts in fufmg part of the afhes 
with three parts of fixed alkali, and one eighth of nitrate of 
pot-afh. The fufed matter is boiled in a certain quantity of 
water. The folution being then filtered, is faturated with 
fulphuric acid, and at the end of a certain time manganefe 
falls down. 

Lime conftantly enough forms feven-tenths of the fixed re- 
fidue of vegetable incineration. This earth is ufually com- 
bined with the carbonic acid. Scheele has proved that it 
efflorefces in this form on the bark of guaiacum. the afh,&c. 
It is likewife very often united with the acid of vegetation. 
It appears to te formed by an alteration of the mucilage, 
more advanced than that which forms the fecula, which has 
fome analogy with this earth. We evidently fee the tranfi- 
tion of mucilage to the (late of earth in teftaccous animals. 
We obferve the mucilage putrefy at its furiace. with fo much 
the more facility as it is purer ; as we may judge by a coir. - 
parifon of the alterise, the fea hedge-hog, the crab, &c. 

Next to lime, alumine is the moil abundant earth in vege- 
tables, and next magnefia. M. Darcet has obtained, from 
one poundof the afhes of beech, one ounce of the fulphati of 
magnefia, by treating them with the fulphuric acid. This 
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fearth is very abundant in the aflies of tamarifc. Sileceous 
earth likewife exifts, but lefs abundantly. The lead com- 
mon of all is the bafytes. 

ARTICLE XVI. 
Of the commoi Juices extracted by Incifion or Expreffion. 

The vegetable juices hitherto treated of are peculiar fub- 
ftances contained in vegetables, and poffemng flriking charac- 
ters, by which they are diftinguiftiable from every other hu- 
mour. But we may at once extract from vegetables all the 
juices they contain; and this mixture of various principles 
may be obtained by feveral methods. Simple incifion is 
fometimes fufficient ; but expreffion is equally ufed. 

The juices of vegetables vary according to the refpective 
nature of the plants. They are more abundant in fome than 
in others. Age modifies them. Young trees in general 
have mod fap ; and this fap is milder, more mucilaginous, 
and lefs charged with oil and refin. The fap varies according 
to the feafon. In the fpring the plants draw up with avidi- 
ty the juices afforded by the air and the earth ; thefe juices 
eftabliih a plethora every where, from which refults a confi- 
derable growth of the individual, and fometimes a natural 
extravafation. If in the time of plethora inciuons be made 
in any part of the vegetable, ah the abundant lap efcapes 
by the aperture ; and this fluid is almoft always clear, and 
without fmell. But by degrees the plant elaborates thefe 
juices, and gives them peculiar characters. In the fpring 
the fap in the body of the vegetable prefents only a flight 
alteration of the nutritive juices ; but in the fummer the 
whole is elaborated, all is digefted, and then the fap pof- 
feifes characters very different from thofe it poffeffed (luring 
the fpring feafon. If incifions be now made in the tree, the 
juices obtained are accordingly very different ; and for this 
reafon it is that the juices difperfed in commerce are extract- 
ed during the fummer. 

The conftitution of the air equally influences the nature of 
vegetable juices. A rainy feafon oppofes the development 
of the facchariue principle, as well as the formation of refina 
and aromatic fabitances. A dry feafon affords little muci- 
lage, but much refin and aromatic principle ; hot weather 
decompofes the mucilage, and favours the development of 
refms, faccharine matter, and aroma j but a cold feafon does 
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not permit the formation of any principle but mucilage: and 
as the mucilage is the principle of increafe of bulk in plai 
the whole of this fubftance is employed for that purpofe ; 
while the heat and light modify the fame mucilage, andc; 
it to pafs to the Hate of oil, refin, aroma, kc. Hence pro- 
bably it is that trees have a more agreeable appearance in 
cold than in burning climates ; and that the trees in this hit- 
ter fituation abound with aromatic, oily, and rtfinous prin- 
ciples. In the vegetable as in the animal kingdom fpirit ap- 
pears to be the portion of the fouthern climates; while force 
and Itrength are attributes of the northern. 

Concerning the Juices extracted by Inc'tlTpn. 

The juice contained in plants, and known by the name of 
Sap, is difperfed through the cellular tiffue, inclofed in the 
veflels, or depofited in the utricules : and there is a commu- 
nication exifting, which, when any part of the vegetable is 
wounded, caufes the abundant juices to flow through the 
aperture ; not indeed fo fpeedily, nor fo completely, as in 
animals ; becaufe the humours do not poflefs fo rapid a mo- 
tion, and becaufe there is lefs connection between the feve- 
ral organs in vegetables than in animals. The fap is a con- 
fufed mixture of all the principles of vegetables. The oil 
and the mucilage are confounded with the falts. It is, in a 
word, the general humour of vegetables, in the fame man- 
ner as the blood in animals. In the prefent place we fhall 
fpeak only of manna and opium. 

l. Manna. — Several vegetables afford manna ; and it is 
extracted from the pine, the fir, the maple, the oak, the ju- 
niper, the fig, the willow, the olive, &c. but the am, larch, 
and the alhagi, afford it in the largcft quantities. L'obel, 
Rondelet, and others, have obferved at Montpellier, upon 
the olive trees, a kind of manna, to which they have given 
the name of celiomeli. Tournefort collected it from the 
fame trees at Aix, and at Toulon. 

The alii which affords manna grows naturally in all tem- 
per? !e climates : but Calabria and Sicily appear to be the 
molt natural countries to this tree ; or at leaft it is only in 
thefe countries that it abundantly furnifhes the juice called 
Manna in commerce. 

The manna flows naturally from this tree, and attache:, 
itfelf to its fielesin the form of white tranfparent drops-; but 
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the extraction of this juice is facilitated by incifions made in 
the tree during fummer : the manna flows through thefe 
apertures upon the trunk of the tree, from which it is de- 
tached with wooden instruments. Care is likewife taken to 
infert draws, or fmall Hicks of wood, into thefe incifions j 
and the flalactites which hang from thefe fmall bodies are 
feparated, and known in commerce by the name of Manna 
in Tears : the fmalleft pieces form the manna in forts or 
flakes ; and the common or fit manna is of the word qua- 
lity, becaufe the moil contaminated with earth and other 
foreign fubltances. The am fometimes affords manna in 
our climates, fpecimens of which I have feen collected in the 
vicinity of Aniane. 

The larch which grows abundantly in Dauphiny, and the 
environs of Briancon, likewife affords manna* It is formed 
during the fummer on the fibres of the leaves, in white fri- 
able grains, which the peafants collect and put into pots,, 
which they keep in a cool place. This manna is of a yellow 
colour, and has a very naufeous lmell. 

The alhagi is a kind of broom, which grows in Perfia. A 
juice tranfudes from its leaves, in the form of drops of vari- 
ous fizes, which the heat of the fun indurates. An interefl- 
ing account of this tree may be feen in Tournefort's Travels. 
This manna is known in the Levant, in the town of Tauris, 
by the name of Tereniabin. 

The manna moil frequently ufed is that of Calabria.. Its 
fmell is flrong, and its tafle fweetifh and naufeous : if expo- 
ed on hot coals, it fwells up, takes fire, and leaves a light 
bulky coal. 

Water totally diffolves it, whether hot or cold. If it be 
boiled with lime, clarified with white of e^g, and concen- 
trated by evaporation, it affords cryftals of fugar. 

Manna affords by diftillation water, acid, oil, and am- 
moniac ; and its coal affords alkali. 

This fubflance forms thebafis of mofl purgative medicines. 

2. Opium. — The plant which affords opium is the poppy, 
\y.hich is cultivated in Perfia and Afia Minor. To extract 
this precious medicine, care is taken to cut off all the flow- 
ers which would load the plant, and to leave that only which 
cor refponds with the principal flem. At the beginning of 
mer, when the popy-heads are ripe, incifions are made 
firm 
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quite round them, from which tears flow that are carefully 

collected. This opium is the pured, and is retained in the 
country for various ufes. That which comes to us is extract- 
ed by prelTure from the fame heads. The juice thus ob- 
tained is wrapped up, after previous drying, in the leaves of 
the poppy, and comes to us in the form of circular flattened 
cakes. 

In our laboratories it is cleared from its impurities by fo- 
lution in hot water, filtration, and evaporation to the con- 
fidence of an extract. This is the extract of opium. 

Opium contains a ftrong and narcotic aroma, from which 
it is impoflible to clear it, according to Mr. Lorry. It like- 
wife contains an extract foluble in water, and a reiin ; toge- 
ther with a volatile concrete oil, and a peculiar fait. 

By long digeflion in hot water the volatile oil becomes 
attenuated, is difengaged, and carries the aroma with it ; fo 
that by this means the oil and aroma may be feparated, at 
lead for the moil: part. It has been obferved that opium de- 
prived of this oil, a portion of its aroma, and its refin, pre- 
served its fedative virtue, without being narcotic and flupify- 
ing. We are indebted to Baume for a feries of interesting 
researches on this fubject. He boiled four pounds of iliced 
opium in between twelve and fifteen pints of water, for half 
an hour. The decodtion was {trained with pre(Ture, the 
dregs were exhausted by ebullition with more water. All 
thefe waters were mixed together, and reduced by evapora- 
tion to fix pints. The liquor was then put into a cucurbit of 
tin, and digefted on a fand-bath for fix months, or during 
three months night and day. Care was taken to add water 
as the evaporation proceeded ; and the bottom of the veifel 
was fcraped from time to time, to difengage the rcfinous 
matter which fubfided. When the digeftion was finifhed, 
the liquor was filtered, the refidue carefully feparated, and 
the water evaporated to the confidence of an extracl. 

If the fait be required to be feparated, the evaporation 
mud be fufpended when the fluid is reduced to one pint. 
An earthy fait falls down by cooling, which is of a ruddy 
appearance, and has the form offcales mixed with needled 
cryftals. 

By this long but judicious procefs, the oil is fird fepara- 
ted; which after three or four days rifes to thefurface of the 
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liquor, where it forms an adhefive pellicle, like turpentine. 
This pellicle is gradually diffipated, and difappears at the 
end of a month, nothing more being feen than a few drops 
from time to time. In proportion as the oil is diffipated, the 
refin, which formed a foap with it, is precipitated. 

Mr. Baume has calculated that thefe principles exift in the 
following proportions : — Four pounds of common opium af- 
ford one pound one ounce of marc or infoluble matter, one 
pound fifteen ounces of extract, twelve ounces of refin, one 
gros or dram of fait, three ounces fevengros ofdenfe oil or 
aroma. 

Mr. Bocquet propofed to extract the fedative principle, by 
diffolving it in the cold, and afterwards evaporating it ; Mr. 
Joffe, by agitating it in cold water; MeiTrs. DeLaffone and 
Cornette, by diflblving, filtering it feveral times, and always 
evaporating it to the confidence of an extract. 

The fedative principle is a medicine of the greatefh value, 
becaufe it does not produce that drunkennefs and flupor 
which are too commonly the effects of crude opium. 

When a plant does not afford its juice by incifion, this may 
happen either becaufe the quantity is too fmall, or becaufe 
its confidence is not fufficiently fluid, or becaufe there is not 
a fufficiently perfect communication between the veifels of 
the plant to permit the flowing of all the juice. In thefe cafes 
the defired effect may be produced either by fimple mechani- 
cal preffure, as in extracting the juice of hypocidus and aca- 
cia ; or by the affiflance of water, which foftens the texture 
of the vegetable, at the fame time that it diflblves and car- 
ries off the juice. 

concerning - Vegetable Juices extratted by preffure". 

The fucculent vegetables afford their juice by fimple pref- 
fure ; and the method of performing this operation is nearly 
the fame in all plants. When it is intended to extract the 
juice of a plant, it is warned, cut into fmall pieces, pounded 
in a marble mortar put into a linen bag, and preffed in a 
prefs. 

Th ere are fome ligneous plants, fuch as fage, thyme and 
the leffer centaury, whofe juices cannot be extracted without 
the addition of a fmall quantity of water ; there are other 
very fuccuient plants, fuch as borage, buglofs, and chicory, 
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whofe juices are fo vifcid and mucilaginous, as not to pai . 
through a cloth unlefs a fmall quantity of water be add^d 
during the pounding. Inodorous plants may likewife be 
left to macerate, in order to prepare them for the extraction 
of their juices. The vegetable juices may be clarified by 
fimple repofe, or by filtration ; when very fluid, by white of 
egg, or animal lymph, boiled with them ; and when the 
juices contain principles which may be evaporated, fuch as 
thofe of fage, balm, marjoram, &c. the vial which contains 
the juice is plunged intoboilng water, after having clofed it 
with a paper with a hole pierced through it ; and when the 
the juice is clarified, it is taken out, dipped in cold water, 
and decanted. 

The juice of acacia is extracted from the fame tree which 
affords gum arabic, The fruits of this tree are collected be- 
fore they are ripe ; then pounded, preffed, and the juice 
dried in the fun : it forms balls of a blackifh brown internal- 
ly, redder externally, and of an aflringent tafle. 

A juice is prepared with unripe floes, which is fold under 
the name of German Acacia, and does not differ much from 
that of Egypt. 

The juice of hypociflus is extracted from aparafitical plant 
which grows on the ciftus in the ifland of Crete. The fruit 
is pounded, the juice extracted by preffure, and thickened 
in the fun ; it becomes black, and of a firm confidence. 

Thefe two lait-mentioned juices are ufed in medicine as 
aftringents. 



SECTION IV. 
Concerning fuch principles as efcape from Vegecables by Tranfpii 

V EGETABLES being endued with digeftke 
organs throw offali fuch principles as cannot be afiirnilated 
by them ; and when the functions of the vegetable are not 
favoured by fuch caufes as facilitate them the nutritive 
jtiices are rejected nearly unaltered. We fhall here attend 
to three principal fubftances that exhale from vegetables, 
viz. air, water, and aroma. 
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ARTICLE I. 

CottWrn'mg Oxigetrous Gas afforded by Vegetables. 

Dr. Ingenhoufz published, in the year 1779, Experiments 
upon Vegetables in which he affirms that plants poffefs the 
property of emitting vital air when a&ed upon by the direct 
rays of the fun ; and that they emit a very mephitic air in 
the made, and during the night. 

Doctor Prieftley made known the fame refults at the fame 
time, as well as Mr. Senebier of Geneva, who neverthelefs 
aid not pnbliih a work on this fubject until the year 1782, 
in which hi- admits, as a general principle, that plants fuffer 
vital air to efcape in the fun-fiiine : but he maintains that 
they do not produce mephitic air in the made ; and is of 
opinion that, if Dr. Ingenhoufz obtained any, it arofe from 
a commencement of putrefaction in the plant. 

The fimpleft procefs for extracting this gas from vege- 
tables, confifts in immerfing them under water, beneath an 
inverted glafsveifel. It is then feen, when the fun acts on 
the plant, that fmall bubbles are emitted, wnich gradually 
grow larger, arife from the fibres of the leaf, and afcend to 
thefurface of the fluid. 

All plants do not afford gas with the fame facility. There 
are fome which emit it the moment the fun acts upon them : 
fuch are the leaves of the jacobaea, of lavender, and of fome 
aromatic plants. In other plants the emiffion is flower ; but 
in none later than faven or eight minutes, provided the fun's 
light be ftrong. The air is almoft totally furnimed by the 
inferior furface of the leaves of trees : it is not the fame with 
herbs : for thefe aitord'air from nearly the whole ef their 
furface, according to Senebier. 

The leaves afford more air when attached to the plant 
than when gathered ; and the quantity is likewife greater the 
frefner and founder they are. 

Young leaves afford but a fmall quantity of vital air ; 
thofe which are full grown afford more, and the more the 
greener they are. Leaves which are injured, yellow, or 
red, do not z£ovd it. 

Frefh leaves cut in pieces afford air ; and the oxigene gas 
is capable of being emitted without the plant being plunged 
under water, as is proved from the experiments of Mr. 
Senebier. 4 E 
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The parenchyma of the leaf appears to be the part which 
emits the air. The epidermis, the bark, and the white 
petals, do not afford air ; and in general it is only the green 
parts of plants which afford oxigenous gas. Green fruits 
afford air, but thole which are ripe do not ; and the fame 
is true of grain. 

It is proved that the fun does not act in the production of 
this phenomenon as a body which heats. The emiffion of 
this gas is determined by the light ; and I have even obferv- 
ed that a ftrong light, without the direct action of the fun's 
rays, is fuffkientto produce this phenomenon. 

It is proved, by the experiments of Mr. Senebier, that an 
acid diluted in water increafes the quantity of air which is 
difengaged, when the water is not too much acidulated ; 
and in this cafe the acid is decompofed. 

It has been obferved that the conferva affords much vital 
air ; as well as the green matter which is formed in water, 
and is fuppofed by Ingenhoufz to be a collection of greenifh 
infects. 

Pure air is therefore feparated from the plant by the action 
of light ; and the excretion is flronger accordingly as the 
light is more vivid. It feems that light favours the work of 
digeftion in the plant j and that the vital air, which is one of 
the principles of almofl all the nutritive juices, more efpeci- 
ally of water, is emitted, when it finds no fubftance to com- 
bine within the vegetable. Hence it arifes that plants whofe 
vegetation is the mofl vigorous, afford the the greatefr quan- 
tity of air ; and hence likewife it is that a fmall quantity of 
the acid mixed with the water favours the emiffion and in- 
creafes the quantity of oxigenous gas. 

By this continual emiffion of vital air, the Author of na- 
ture inceffantly repairs the lofs which is produced by ref- 
piration, combuftion, and the alteration of bodies, which 
comprehends every kind of fermentation and putrefaction ; 
and in this manner the equilibrium between the conftituent 
principle of the atmofphere is always kept up. 

ARTICLE II. 
Con: erning the Water affoi.'ed by Vegetables. 

Plants likewife emit a confiderable quantity of water, in 
tru iorm of vapour, through their pores j and this excretion 
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may be edimated as the mod abundant. Hales has calcu- 
lated that the tranfpiration of an adult plant, fuch as the 
helianthus annuus, was in fummer feven times more confl* 
derable than that of man. 

Guettard has obferved that this excretion is always in pro- 
portion to the intenfity of the light, and not of the heat ; fothat 
there is fcarcely any during the night. The fame philofopher 
has obferved that the aqeous tranfpiration is more efpecially 
made from the other furface of the leaf. The water which 
exhales from vegetables is not pure, but ferves as the vehicle 
of the aroma ; and even carries with it a fmall quantity of 
extractive matter, which caufes it to corrupt fo fpeedily. 

The immediate effect of the aqueous evaporation confifts 
in maintaining a degree of coolnefs in the plant, which pre- 
vents its affuming the temperature of the atmofphere, 

ARTICLE III. 

Concerning the Aroma, or Spiritus Rec~lor. 

Each plant has its char act eriftic fmell. This odorant 
principle was didinguifhed by Boerhaave by the name of 
Spiritus Rector, and by the moderns under the name of 
Aroma. 

The aroma appears to be of the nature of gas, from its 
finenefs it invifibility &c. The flighted heat is fufficient 
to expel it from plants. Coolnefs condenfes it, and renders 
it more fenfible ; and on this account the fmell of plants is 
much dronger in the morning and evening. 

This principle is fo fubtile, that the continual emiffion of 
it from a wood or flower does not diminifh its weight, even 
after a very considerable time. 

The aroma is fometime fixed in an extract, fometimes in 
an oil, and this lad combination is the mod ufual. It even 
appears to conditute the volatile character of the effential or 
volatile oils. 

The nature of the aroma appears to vary prodigioufly ; 
at lead if we may judge by the organ of fmell, which didin- 
guifhes feveral fpecies. There are fome which have a nau- 
feous or poifonous effect on the animal ceconomy. Ingen- 
houfz quotes an indance of the death of a young woman 
occafioned by the fmell of lilies, in 1719 ; and the famous 
Triller reports the example of a young woman who died in 



53% Exhalations of Plants. 

confequence of the fmell of violets, while another was fayed 
by removing the flowers. Martinus Cromerus exhibits 
likewife an example of a bifhop of Breflau who died by a 
fimilar caufe. 

The mancenille tree which grows in the Weft-Indies, emifs 
very dangerous vapours. The humour which flows from 
this tree is fo unwholefome, that if it drop on the hand it 
raifes a blifter. 

The American plant lobelia longiflora produces a fu {lo- 
cating oppreffion in the bread of thofe who refpire in its vi- 
cinity, according to Jacquin, Hortus Vindobonenfis. The 
rhus toxicodendron emits fo dangerous an exhalation, that 
Ingenhoufz attributes the return of a periodical diforder, 
which attacked the family of the curate of Croffen in Ger- 
many, to a bench (haded by this tree, under which thy had 
the cuilom of fitting. Every one knows the effects of mufk 
and oriental faffron on certain perfons ; and the exhalation 
of the walnut-tree is confidered as very unwholefome. 

We may here mention the noxious property of thofe canes 
or reeds which in this country are ufed to cover roofs and 
dunghills, &c. Mr. Poitiven faw a man who was very ill 
on account of having handled thefe canes : the parts of gene- 
ration were prodigioufly fwelled. A dog which had flept 
upon the reeds fufFered in the fame manner, and was affect- 
in the fame parts. 

The method of extracting the aroma varies according to 
its volatility and affinities. It is ingeneral foluble in water, 
alcohol, oils, &c. and thefe fluids are feverally employed to 
extract it from plants which afford it. 

When water or alcohol are ufed, they are diftilled by a 
gentle heat, and the aroma comes over with them. Simple 
infufion may be ufed ; and in this way the lofs of a portion 
of the aroma is avoided. 

Water charged with aroma is known by the name of the 
diftilled water of the fubftance made ufe of. The diftilled 
water of inodorous or herbaceous plants does not appear to 
poffefs any virtue ; and the apothecaries have long fince de- 
cided the queftion, by fubftituting fpring water in its place. 
Spirit of wine combined with the fame principle, is known 
by the name of the fpirit or quintefience of the vegetable. 
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When the aroma is very fugacious, fuch as that of lilies, 
jafmine, or tuberofe, the flowers are put into a tin cucurbit 
with cotton fteeped in oil of ben. The cotton and the 
flowers are difpofed in alternate layers ; the cucurbit is clof- 
ed, and a gentle heat applied. In this manner the aroma 
is permanently combined with the oil. 

Thefe are the three methods ufed to retain the odorant 
principle. The art of the perfumer confifts in applying 
them at pleafure to various fubftances. 

Perfumes are either dry or liquid. Among the firft we 
may placethe fachets, or little perfumed bags, which con- 
tain either mixtures of aromatic plants, or aromas in their 
native flate ; the perfumed powders, which obtain their 
fmell by a few drops of the folution of aroma ; the paflilles 
or confits which have fugar for their bafis, &c. 

Liquid perfumes moft commonly confift of aroma difTolved 
in water or alcohol ; the various liqueurs, or fcented fpiri- 
tuous cordial waters, are nothing elfe but the fame folutions 
diluted with water, and fweetened with fugar. 

For example, to make the eau divine, the bark of four 
citrons is taken, and put into a glafs alembic, with two 
pounds of good fpirit of wine, and two ounces of good 
orange flower water ; after which, diftillation is performed 
on the fand-bath. On the other hand, one pound and a 
half of fugar is difTolved in one pound and a half of water. 
The two liquors being mixed, become turbid j but, being 
left to ftand, the refult is an agreeable liquor. 

To make the cream of rofes, I take equal parts of rofe 
water, fpirit of wine a la rofe, and fyrup of fugar. I mix 
thefe three fubftances, and colour the mixture with the infu- 
fion cochenille. 

But it muft be allowed that, in all perfumes which are a 
little complicated, the nofe is the beft chemift that can be 
confulted ; and a good nofe is as requifite and effential to a 
perfumer, as a ftrong head is to a geometer. 
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SECTION V. 

Concerning the Alterations to which Vegetables are fubje£l after they 
are deprived of life. 



T, 



HE fame principles which maintain life in ve- 
getable^ and animals, become the fpeediefl agents of their 
deftruct'ion when dead. Nature feems to have entrufted the 
compofition, maintenance and decompofition of thefe beings 
to the fame agents. Air and water are the two principles 
which maintain the life in living beings ; but the moment 
they are dead they haften their alteration and diffolution. 
Theheat itfelf, which affifted and fomented the functions of 
life, concurs to facilitate the decompofition. Thus it is that 
the frofts of Siberia preferve bodies for feveral months ; and 
that in our mountains they are kept for a long time on the 
fnow, when it intercepts the carrying them to the place of 
interment. 

We (hall examine the action of thefe three agents, namely 
heat, air, and water ; and we mall endeavour to fhew the 
power and effect each before we fhall attend to their com- 
bined action. 



c H A P I. 

Concerning the A#ion of Heat upon Vegetable Subftances. 

r | "i 

J_ HE diflillation of plants by a naked fire is 
nothing but the act of decompofing them by means of fimple 
heat. This procefs was for a long time the only method of 
analyfis. The firft chemifts of Paris adopted it for the 
analyfis of near one thoufand four hundred plants : and it 
was not till the commencement of the prefent century that 
this labour was difcontinued ; a labour which did not feem 
to advance the fcience, fince in this way the cabbage and 
hemlock afforded the fame products. 

It is clear that an analyfis by the retort ought not to (hew 
the principles of vegetation : for, not to mention that heat 
changes their nature by becoming a conflituent part of the 
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principles extracted ; thefe principles themfelves become 
mixed together, and we can never know their order or ftate 
while in the living plant. The action of the heat moreover 
caufes the vegetable principles to react upon each other, and 
confounds the whole together. Whence it arifes that all 
vegetables afford nearly the fame principles ; namely, water, 
an oil more or lefs thick, an acid liquor, a concrete fait, and 
a coal or caput mortuum more or lefs abundant. 

Hales took notice that the diftillation of vegetables afford- 
ed much air ; and was even in poffeffion of an apparatus to 
collect and meafure it. But in our time the methods of col- 
lecting and confining the gaffes are Amplified ; and the hy- 
dro-pneumatic apparatus has proved that the fubftances are 
formed of a mixture of carbonic acid, hydrogene, and fome- 
times a little nitrogene. 

The order in which the feveral products are obtained, and 
the characters they exhibit, lead us to the following obfer- 
tions : 

1. The water which paffes firfl is ufually pure, and 
without fmell ; but when odorant plants are diflilled, the 
firfl: drops are impregnated with their aroma. Thefe firft 
portions of water confifl of that which was fuperabundant, 
and impregnated the vegetable tiffue. When the water of 
compofition, or that wh'ch was in combination with the ve- 
getable, begins to rife, it carries along with it a fmall quan- 
tity of oil, which colours it ; and fome portions of a weak 
acid, afforded by the mucilage and other principles with 
which it exifled in the faponaceous ftate. The phlegm 
likewife very often contains a fmall quantity of ammoniac : 
and this alkali appears to be formed in the operation itfelf ; 
for there are few plants which contain it in their natural 
ftate. 

2. To the phlegm fucceeds an oily principle, little colour- 
ed at firfl ; but in proportion as the diftillation advances, the 
oil which rifes is thicker, and more coloured. They are all 
characterifed by a fmell of burning, and an acrid tafte, that 
arife from the impreflion of the fire itfelf. Thefe oils are 
moft of them refmous, and the nitric acid eafily inflames 
them. They may be rendered more fluid and volatile by 
repeated diftillations. 
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3. In proportion as the oil comes over, there fometimes 
(Mils carbonate of ammoniac, which attaches itfelf to the 
fides of the vefTels. It is ufually foiled with an oil which 
colours it. This fait does not appear to exift ready formed 
in vegetables. Rouelle the younger proved that the plants 
which afford the moft of it, fuch as the cruciferous plants, 
do not contain it in their natural flate. It is therefore found 
when its component parts are volatilized and re-united by the 
diflillation. 

4. All vegetables afford a very great quantity of gas by 
diflillation ; and their nature has an influence on the gaffe- 
ous fubflances they afford. Thofe plants which abound 
with refm, afford much more hydrogenous gas ; while fuch 
as abound with mucilage produce carbonic acid. 

The mixture of thefe gaffes forms an air which is heavier 
than the common inflammable air, on which account it has 
been found very little adapted to aeroflatic experiments. 

The art of charring, wood, or converting it into charcoal, 
is an oparation nearly fimilar to the diflillation we have tuft 
defcribed. It confifls in forming pyramids of wood, or cones 
truncated at their fummit. The whole is covered with earth, 
well beaten, leaving a lower and upper aperture. The mafs 
is then fet on fire ; and when the whole is well ignited, the 
combuflion is flopped by clofing the apertures through v.hich 
the current of air paffed. By this means the water, the oil, 
and all the principles of the vegetable are difTipated, 1 
the fibre. The wood in this operation lofes three-foui 
its weight, and one-fourth of its bulk. According to 
tana and Morozzo, it abforbs air and water as it cools. I 
am allured, from my experiments in the large way, that pii- 
coal defulphurated (coaked) acquires twenty-five pounds of 
water in the quintal by cooling ; but the coal of wood did 
not appear to me to abforb more than fifteen or twenty. 
The futuvbrandof the Icelanders is nothing but wood 
verted into charcoal by the lava which has furrounded it. — 
See Von Troll's Letters on Iceland. 

The charcoal which is the refidue of all thefe diftillations, 
is afubflance which deferves an attention more particularly 
becaufe it enters into the compofition of many bodies, and 
bears a very great part in their phenomena. 



Properties of Charcoal. $1$ 

Charcoal is the vegetable fibre very flightly changed. It 
mod commonly preferves the form of the vegetable which 
afforded it. The primitive texture is not only diftinguifh- 
able, but ferves like wife to indicate the ftate and nature of 
the vegetable which has afforded it. It is fometimes hard, 
fonorous, and brittle ; fometimes light, fpongy, and friable ; 
and fome fubftances afford it in a fubtle powder, without 
confidence. The coal of oils andrefmsis of this nature. 

Charcoal well made has neither fmell nor fade; and it is one 
of the moil indecompofable fubftances we are acquainted with. 

When dry, it is not changed by diflillation in clofe veffels. 
But, when moid, it affords hydrogenous gas and carbonic 
acid ; which proves the decompohtion of the watery and" the 
combination of one of its principles with the charcoal, while 
the other is diffipated. By fucceffively moiftening and diftil- 
ling charcoal, it may be totally destroyed. 

Charcoal combines with oxigene, and forms the carbonic 
acid ; but this combination does not take place unlefs their 
action be aflided by heat. The charcoal which burns in a 
chaffing-difh exhibits this refult ; and we perceive two very 
immediate effects hi this operation : — i. A difengagement of 
heat afforded by the tranfition of the oxigenous gas to the 
concrete Mate. 2. A production of carbonic acid : it is the 
formation of this acid gas which renders it dangerous to 
burn charcoal in places where the current of air is not fuffi- 
ciently rapid to carry off the carbonic acid as it is formed. 

Well-made charcoal does not change by boiling in water. 
In procefs of time it gives a flight reddifh tinge to that fluid, 
which arifes from the folution of the coaly refidue of the oils 
of the vegetable mixed with the coaly refidue of the fibre. 

If the fulph uric acid be digefted upon charcoal, it is de- 
compofed ; and affords carbonic acid, fulpherous acid, and 
fulphur. 

The nitric acid, when concentrated, is decompofed with 
much greater rapidity ; for if it be poured upon very dry 
powder of charcoal, it lets it on fire. This inflammation 
may be facilitated by heating the charcoal or the acid. If 
the fluid which arifes in this experiment be collected, it is 
found to be carbonic acid, nitrous gas, and nitric acid. M. 
Proud has obferved, that when the acid is poured into the 

4F 
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middle of the charcoal, it does not take fire; but that this 
effect immediately fucceeds if the acid be fuffercd to flow 
beneath the coal. It may even be inflamed by throwing it 
upon the nitric acid {lightly heated. 

If weak nitric acid be digefted upon charcoal, it diffolves 
it, affumes a red colour, becomes pally, and acquires a bitter 
difagreeable tafte. 

Charcoal, mixed with the fulphuric and nitric falts, de- 
compofes them ; when combined with oxides, it revives the 
metals. All thefe effects depend on its very great affinity 
"ttith the oxigene contained in thefe bodies. It is ufed to 
facilitate the decompofition of falt-petre in fome cafes, as in 
the compofition of gun-powder, the black flux, &c. 

Rouelle has obferved that the fixed alkali diffolves a good 
quantity of charcoal by fufion. The fame chemift has dif- 
covered that the fulphure of alkali diffolves it in the humid 
as well as the dry way. 

Charcoal is likewife capable of combining witk metals. 
It combines with iron in its firft fufion, and mixes with it 
likewife in the cementation by which fteelis formed. When 
combined with iron in a fmall proportion of the metal, it 
conflitutes plumbago. It is likewife capable of combining 
with tin by cementation ; to which metal it gives a brilli- 
ancy and hardnefs, as I find by experiment. 



c it a p ir. 

Concerning tlie AcYion of Water fingly to Vegetables. 



E may conilder the action of water upon vege- 
tables in two very different points of view. Either the 
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vered to its fingle action ; and in that fituation becomes gra- 
dually changed and decompofed in a peculiar manner. In 
thefe two cafes, the produces of the operations are very dif- 
ferent. In the firft, the ligneous texture remains un died 
and the juices which are feparated remain unchanged tn the 
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fluid : in the fecond, more efpecially when vegetables fer- 
ment in heaps, the nature of the juices is partly changed, 
but the oils and refins remain confounded with the ligneous 
tiflue ; fo that the remit is a mafs in which the diforganized 
vegetable is feen in a (late of mixture and confufion of the 
various principles which compofe it. 

The chemift applies water to vegetables, to extract their 
juices, according to two methods, which conditute infufion 
and decoction. 

Infufion is performed by pouring upon a vegetable a fuffi- 
cient quantity of hot water to diffolve all its principles. The 
temperature of the water mud be varied according to the 
nature of the plant. If this texture be delicate, or the aroma 
very fugacious, the water mud be flightly heated ; but boil- 
ing water may be ufed when the texture is hard and folid, 
and more efpecially when the plant has no frnell. 

Decoction, which confids in boiling water with the vege- 
table, ought not to be employed but with hard and inodo- 
rous plants. This method is rejected by many chemids ; 
becaufe they affirm that, by thus tormenting the plant, a 
confiderable quantity of fibrous matter becomes mixed with 
the juices. Decoction is generally banifhed from the treat- 
ment of odorant plants, becaufe it diffipates the volatile oil 
and aroma. The decoction ufed in our kitchens to prepare 
leguminous plants for food, has the inconvenience of ex- 
tracting all the nutritive parts, and leaving only the fibrous 
parenchyma. Hence arifes the advantage of the American 
pot or boiler, in which the garden-fluff is boiled by fimple 
vapour, and confequently the nutritive principle remains in 
the vegetable ; to which advantage we may add that of ufing 
any water whatever, becaufe the fleam alone is applied to 
intended purpofe. 

But the infufion, decoction, and clarification of juices, is 
not left to the choice of the chemifl, when it is required to 
prepare any medicine ; for thefe methods produce furprifing 
varieties in the virtue of remedies. Thus, for example ac- 
cording to Storck, the concentrated juice of hemlock has no 
good qualities unlefs it be evaporated without being clarified. 

In treating juniper berries by infufion, and evaporation on 
a water bath to the confidence of honey, an aromatic extract 
is obtained, of a faccharine colour: the decoction of the 
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fame berries affords a lefs fragrant and lefs refmous extract, 
becaufe the refin feparates from the oil, and falls do-, 

The extract of grapes, which is called refnic in France, 
and mod fweetmeats, are prepared in this way. 

Extracts are prepared in the large way for fale by the 
afliftance of water. AVe fhall confine ourfelvesto fpeal < : 
two only, the juice of liquorice and ofcachou. r I he firfl 
will afford an example of decoction, and the fecend of m- 
fufion. 

The extract of liquorice is prepared in Spain by decoction 
of the fhrub of the fame name. This plant grows abun- 
dantly near our ponds ; and we might at a fmaH expence 
avail ourfelves of this fpecies of induftry : I have afcertained 
that a pound of this root affords two or three ounces of good 
extract. The apothecaries afterwards prepare it in vari 
ways for their feveral purpofes, and to render its ufe more 
convenient and agreeable. 

The cachou is extracted in the Eaft-Indies from an infu- 
fion of the feeds of a kind of palm. While the feed is yet 
green, it is cut, infufed in hot water ; and this infufion is 
evaporated to the confidence of an extract, which is after- 
wards made into lumps, and dried in the fun. M. de Juffieu 
communicated to the Academy, in the year 1720, remarks 
by which he afcertains that the differences in the feveral 
kinds ofcachou arife from the various degrees of maturity in 
the feeds, and the greater or lefs quicknefs with which the 
ex" vac! is dried. 

The cachou cf commerce is ufually impure; but it may 
be cleared of its impurities by dinolving, filtering, and eva- 
porating it feveral times. 

The tafte of cachou is bitter and aitringent. It diffolves 
very well in the mouth, and is uied as a rcftorative for weak 
iiomachs : it is made into comfits by the addition of three 
parts of fugar, and a fufficient quantity of gum rdragant. 

When vegetables are immerfed in water, their texture 
becomes relaxed ; all the foluble principles are carried off; 
and there remains only the fibrous part diforganized, and 
impregnated with vegetable oil, altered and hardened I y 
the reaction of other principles. This tranfition may be 
very well o ferved in marines, where plants grow and pcrifh 
in great numbers, forming mud by their decQ n ptfitic n. 
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Thefe ftrata of decompofed vegetables, when taken out of 
the water and dried, maybe ufed as the material ofcombuf- 
tion. The fmell is unwholefome ; but in {hops, or places 
where the chimneys draw well, this combuftible may be ufed. 

Vegetables have been conildered as the caufe of the for- 
mation of pit-coal ; but a few fore (Is being buried in the 
earth, are not fufEcient to form the mountains of coal which 
exifl in its bowels. A greater caufe, more proportioned to 
the magnitude of the effect, is required ; and we find it only 
in that prodigious quantity of vegetables which grow in the 
feas, and is Pall encreafed by the immenfe mafs of thofe which 
are carried down by rivers. Thefe vegetables, carried away 
by the currents, are agitated, heaped together, and broken 
by the waves ; and afterwards become covered with ftrata of 
argillaceous or calcareous earth, and are decompofed. It is 
eafier to conceive how thefe raafles of vegetables may form 
ftrata of coal, than that the remains of (hells mould form the 
greater part of the globe. 

The direct proofs which may be given of the truth of this 
theory are — 

1. The prefence of vegetables in coal mines. The bam- 
boo and bannana trees are found in the coal of Alais. It is 
common to find terreftrial vegetables confounded with ma- 
rine plants. 

2. The prints of {hells and of fifh are likewife found in 
the ftrata of coal, and not unfrequently fhells themfelves. 
The pit-coal of Orfan and that of Saint-Efprit contain a pro- 
digious number. 

3. It is evidently feen, by the nature of the mountains which 
contain charcoal,: that their formation has been fubmarine ; 
for they all confift either of fchiftus, or grit, or limeftone. 
The fecondary fchiftus is a kind of coal in which the earthy 
principle predominates over the bituminous. Sometimes 
even this fchiftus is combuftible, as is feen in that of St. 
George near Milhaud. The texture of the vegetables, and 
the imprefnon of hi] - !, are very well preferved in the fchiftus. 
The origin of the fchiftus is therefore fubmarine ; and con- 
fequently fo likewife mu.ft be the origin of the coal diftri- 
buted in ftrata through its thicknefs. 

The grit-ftone confifts of fand heaped together, carried 
into the fea by the rivers, ana thrown up againft the mores 
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by the waves. The ftrata of bitumen which are found in 
thefe cannot therefore but come from the fea. 

Calcareous earth rarely contains ftrata of coal, but is 
merely impregnated with it, as at St. Ambroife, at Servas, 
he. where the bitumen forms a cement with the calcareous 
earth. 

Concerning Pit-Coal. 

Pit-coal is ufually found in ftrata in the earth, almoft 
always in mountains of fchiftus or grit. It is the property 
of coal to burn with flame, and the emiflion of much fmoke. 

The fecondary fchiftus is the bafts of all pit-coal, and the 
quality of the coal moftly depends upon the proportion of 
this baiis. When the fchiftus predominates, the coal is 
heavy and leaves a very abundant earthy refidue after its 
combuftion. This kind of coal is veined internally with flat 
pieces, or rather feparate mafles, of fchiftus nearly pure, 
which we call jiches. 

As the formation of the pyrites, as well as that of coal, 
arifes from the decompofition of ^vegetable and animal fub- 
ftances, all pit-coal is more or lefs pyritous; fo that we may 
confider pit-coal as a mixture of pyrites, fchiftus, and bitu- 
men. The different qualities of coal arife therefore from the 
difference in the proportions of thefe principles. 

When the pyrites is very abundant, the coal exhibits 
yellow veins of the mineral, which are decomposed as foon 
as they come in contact with the air ; and form an efflore- 
fcence offulphate of magnefia, of iron, ofalumine, &c. 

When pyritous coal is let on fire, it emits an infupportable 
fmell of fulphur ; but when the combuftion is infenfible, in- 
flammation is frequently produced by the decompofition of 
the pyrites ; and it is this which occafions the inflammation 
of feVeral veins of coal. There are veins of coal on fire at 
St. Etienne in Forez, at Cramfac in Rouergue, at Roque- 
cremade in the diocefe of Beziers ; and ir is not rare to fee 
the fire deftroy confiderable mafles of pyritous coal, when 
the decompofition is favoured by the concurrence of air and 
water. If the inflammation be excited in more confiderable 
mafles of bitumen, the effects are then more (hiking; and it 
is to a caufe cf this nature that we ought to refer the origin 
and effect, of volcanos. 
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When the fchiftus or flaty principle, predominates in 
coals, they are then of a bad quality, becaufe their earthy 
refidue is more confiderable. 

The bed coal is that in which the bituminous principle is 
the mod abundant, and exempt from all impurity. This 
coal fwells up when it burns, and the fragments adhere 
together ". it is more particularly upon this quality that the 
. practice of the operation called defulpharating or purifying 
of coal depends. This operation is analogous to that in 
which wood is converted into charcoal. In the defulphura- 
tion, pyramids are made, which are fet on fire at the centre. 
When the heat has ftrongly penetrated the mafs, and the 
flame ifiues out of the fides, it is then covered with moifl 
earth ; the combuftion is fuffocated, the bitumen is difiipated 
in fmoke, and there remains only a light fpungy coal, which 
attracts the air, and humidity, and exhibits the fame pheno- 
mena in its combuftion as the coal of wood. When it is 
well made, it gives neither flame nor fmoke ; but it produces 
a ftronger heat than that of an equal mafs of native coal. 
This operation received the name of defulpharating (defou- 
frage) from a notion that the coal was by this means depri- 
ved of its fulphur ; but it has beenproved that all coals which 
are capable of this operation, contain fcarcely any fulphur. 

It was for a long time fuppofed that the fmell of pit-coal 
was unwholefome ; but the contrary is now proved. Mr. 
Venel has made many experiments on this fubjecl:, and is 
convinced that neither man nor animals are incommoded by 
this vapour. Mr. Hoffman relates that diforders of the 
lungs are unknown in the villages of Germany, where this 
combuftible only is ufed. I think that coal of a good quality 
does not emit any dangerous vapour ; but when it is pyri- 
tous its fmell cannot but be hurtful. 

The ufe of coal is generally applicable to the arts \ and 
nature appears to have concealed thefe magazines of combuf- 
tible matter, to give us time to repair our exhaufted forefts. 
Thefe mines are very abundant and numerous in the king- 
dom of France. Our province contains many, and we have 
more than twenty which are in full work. Pit-coal is appli- 
ed in England even to domeflic ufes, and this parr of mine- 
ralogy is very much cultivated in that kingdom. Individuals 
have there undertaken the molt confiderable enterprizes in 
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this way. The Duke of Bridgewater has made a canal, at 
Bridgewater, two thoufand five hundred toifes in in length, 
to facilitate the working of the coal mines in Laneafhire. It 
cod: five millions of livrcs : part of it is carried under a 
mountain ; and it paffes fuccemvely under as well as over 
rivers and highways. In our province we are in want of 
roads only for the tranfportation of our coal ; and Langue- 
doc has not had the fpirit to perform a work which a pri- 
vate individual has executed in England. 

In Scotland, Lord Dundonald has erected furnaces in 
which the bitumen is difengaged from coal ; and the vapours 
are received and condenfed in chambers, over which he hai 
caufed a river to flow for the purpofe of cooling them. Thefe 
condenfed vapours fupply the Englifh navy with as much tar 
as it requires. Becher in his work infilled " Foolifh Wif- 
dom, or Wife Folly," printed at Franckfort in 1683, affirms 
that he fucceeded in appropriating the bad turf of Holland, 
and the bad coal of England, to the common ufes. He adds 
that he obtained tar fuperior to that of Sweden by a procefs 
fimilar to that of the Swedes. He affirms that he had made 
this known in England, and (hewn it to the King. 

Mr. Faujus has carried the procefs of the Scotch noble- 
man into execution at Paris. The whole connfts in felting 
fire to the coal, and extinguifhing it at the proper time, that 
the vapour may pafs into chambers containing water for the 
purpofe of condenfmg them. This tar appeared to be fu- 
perior to that of wood. 

Pit-coal likewife affords ammoniac by difliilation, which 
is diflblved in water, while the oil floats above. 

When coal is deprived by combuftion of all the oil 
other volatile principles, the earthy rcfidue contains the ful- 
phates of alumine, iron, magnefia, lime, &c. Thefe falts are 
all formed when the combuftion is {low ; but when it is rapid 
the lulphur is diffipated, and there remain only the alumi- 
nous, magnefian, calcareous, and other earths. The alunii 
nicfl commonly predominates. 

Naptha, pretoleum, mineral pitch, and afphaltes, are only 
flight modifications of the bituminous oil fo abundant in pit- 
coal. This oil, which the fimple heat of the decompofition 
of the pyrites is fufficient to difengage from the coal, receives 
other modifications by the impreflion of the external air. 
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Petroleum, or the oil petrol, is the fir ft alteration. This 
oil is found near volcanos, in the vicinity of coal mines, &c. 
We are acquainted with feveral fprings of this petroleum. 
There is one at Gabian in the diocefe of Beziers. It is car- 
ried out by the water of a fpring which iflues from the lower 
part of a mountain whofe fummit is volcanized. 

The fmell of petroleum, is difagreeable : its colour is 
reddifli ; but it may be rendered clear by diftilling it from the 
clay of Murviel. 

Naptha is merely a variety of petroleum. 

Near Derberis, on the Cafpian Sea, there are fprings of 
naptha, which Kempfer vifited about a century ago, and of 
which he has left a defcription. 

There is a place known by the name of the Perpetual Fire, 
where the fire burns without ceafing. The Indians do net 
attribute the origin of this inextinguifhable fire to naptha ; 
but they maintain that God has confined the Devil in this 
place, to deliver man from him. They go in pilgrimage 
thither, and make their prayers to God that he will not 
fuffer this enemy of mankind to efcape. 

The earth impregnated with naptha is calcareous, and 
efrervefces with acids j it takes fire by the contact, of any 
ignited body whatever. 

This perpetual fire is of great ufe to the inhabitants of 
Baku. They pare off the furface of this burning foil, upon 
which they make a heap of limeflones, and cover it with the 
earth pared off; and in two or three days the lime is made. 

The inhabitants of the village of Frcgann repair to this 
place to cook their provisions. 

The Indians afiemble from all parts to adore the Eternal 
Being in this place. Several temples were built, one of 
which is ftill in exiftence. Near the altar there is a tube in- 
ferted in the earth, two or three feet in length ; out of which 
iinies a blue flame, mixed with red. The Indians proftrate 
themfelves before this tube, and put themfelves into atti- 
tudes which are exceedingly ftrange and painful. 

Mr. Gin s that two kinds of naptha are diftin- 

:d in this country ; the one tranfparent and yellow, 

which is found in a well. This well is covered with (Lories 

fmeared with a cement of fat earth, in which the name of 

4G 
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Kan is engraved ; and no one is permitted to break this fcal- 
ed covering but thofe who are deputed from the Kan. 

Mineral pitch is likewife a modification of petroleum. It 
is found in Auvergne, at a place called Puits de Lapegc, 
near Allais, in an extent of feveral leagues, which compre- 
hends Servas, Saint Ambroix, &c. 

The calcareous ftone is impregnated with a bitumen which 
is foftened by the heat of fummer, when it flows from the 
rocks, and forms a very beautiful ftala&ites. It forms piaffes 
in the fields, and impedes the pafTage of carriages : the pea- 
fants ufeit to marktheir fheep. This ffone emits and abomi- 
nable .fmell when rubbed. The epifcopal palace of Alais 
was paved with it in the time of Mr. Davejan ; but it became 
neceflary to fubflitute other ftone in its ftead. It is afierted 
that mineral pitch was ufed to cement the walls of Babylon. 

Afphaltes, or bitumen Judaicum, is black, brilliant, pon- 
derous, and very brittle. 

It emits a fmell by friction ; and is found floating on 
the water of the lake Afphaltites, or the Dead Sea. 

The afphaltes of commerce is extracted from the mines of 
Annemore, and more particularly in the principality of 
Neufchatel. Mr. Pallas found fprings of afphaltes on the 
banks of the Sock, in Pruflia. 

Moft naturalifts confider it as amber decompofed by fire. 
Alfphaltites liquifies on the fire, fwells up, and affords flame, 
with an acrid difagreeable fmoke. 

By diftillation it affords an oil refembling petroleum. The 
Indians and Arabs ufe it inftead of tar, and it is a component 
part of the varnifli of the Chinefe. 

Yellow amber, karabe, or the electron of the ancients, is 
in yellow or brown pieces, tranfparent or opake, capable of 
a polifh, becoming electric by friction, &c. 

It is friable and brittle. 

There is no fubftance on which the imagination of poets 
has been more exercifed than this. Sophocles had affirmed 
that it was formed in India by the tears of the fifters of Me- 
leager, changed into birds, and deploring the fate of their 
brother ; but one of the mofc interefting fabulous origins 
which have been attributed to it, is afforded by the fable of 
Phaeton burning the heavens and the earth, and precipitat- 
ed by the thunder of Jove into the waters of Eridanus. His 
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fillers are defcribed weeping; and the precious tears fell into 
the waters without mixing with them, became folid without 
lofing their tranfparency, and were converted into the yellow 
amber fo highly valued by the ancients. — See Bailly. 

Amber poffeffes lefs coaly matter than any other bitumen. 

It is frequently found difperfed over ftrata of pyritous 
earth, and covered with a ftratum of wood, abounding with 
a blackim bituminous matter. 

It is found floating in the Baltic Sea, on the coaft of Du- 
cal Pruflia ; it is alfo found near Siftreron in Provence. 

No other chemical ufe was for a lone time made of amber, 
than to form compofidons for medicine and the arts. We 
are indebted to Neumann, Bourdelin, and Pott for a tole- 
rably accurate analyfis of this bitumen. The two confli- 
tuent principles exhibited in the analyfis of amber, are the 
fait of amber, or fuccinic acid, and a bitumous oil. 

To extract the fuccinic acid, the amber is broken into 
fmall pieces, which are put into a retort, and diftilled with a 
fuitable apparatus upon a fand bath. When the fire is care- 
fully managed, the products are — 1. An infipid phlegm. 
2. Phlegm holding a fmall portion of acid in foiution. 3. A 
concrete acid fait, which attaches itfelf to the neck of the 
retort. 4. A brown and thick oil, which has an acid fmell. 

The concrete fait always retains a portion of oil* in its 
firfl diftillation. Scheffer, in his Leffons of Chemiflry, pro- 
pofes to diftil it with fand ; Bergmann with white clay ; 
Pot advifes foiution in water, ond filtration through white 
cotton ; after which the fluid is to be evaporated, and is 
found to be deprived of the oil, which remains on the cot- 
ton. Spielmann, after Pott, propofes to diftil it with the 
muriatic acid ; it then fublimes white and pure. Bourde- 
lin clears it of its oil by detonation with nitre. This fait is 
prepared in the large way at Koningfberg, where the fha- 
vings and chips of amber are diftilled. 

The fuccinic acid has a penetrating tafte, and reddens the 
tincture of turnfole. Twenty-four parts of cold water, and 
two of boiling water, diflblve one of this acid. Ifafatu- 
rated foiution of this fait be evaporated, it cryltallizes in 
triangular prifms, whofe points are truncated. 

* Acids in the original j doubtlefs by overfight« T. 



554 Prcpcrtlcs, Iffc. of Amber. 

Mr. de Morveau obferves that its affinities arc barytcs, 
lime, alkalis, magnefia, &c. 

The oil of amber has an agreeable fmell : it may be de- 
prived of its colour by diftillation from white clay. Rouelle 
diflilled it with water. When mixed with ammoniac it 
forms a liquid foap, known by the name of Eau de Lure. 

To make eau de luce, I difiblve Punic wax in alcohol, 
with a fmall quantity of oil of amber ; and on this I pour 
the pure volatile alkali. 

Alcohol attacks amber, and acquires a yellow colour. 
Hoffmann prepares this tincture by mixing the fpirit of 
wine with an alkali. 

The medical ufc of amber confifls in burning it, and re- 
ceiving the vapour on the difeafed part. Thefc vapours are 
ftrengthening, and remove obftructions. The oil of amber 
is applied to the fame ufe. A fyrup of amber is made with 
the fpirit of amber and opium, which is ufed to advantage as 
a fedative anodyne medicine. The fined pieces of amber 
are ufed to make toys. Wallerius affirms that the mod 
tranfparent pieces may be ufed to make mirrors, prifms, &c. 
It is faid that the King of Pruffia has a burning mirror* of 
amber one foot in diameter ; and that there is a column of 
amber in the cabinet of the Duke of Florence ten feet high, 
and of a very fine luftre. 

Concerning Volcanos. 

The combuflion of thofe enormous mafTes of bitumen 
which are depofited in the bowels of the earth, produces 
volcanos. They owe their origin more efpecially to the ftrata 
of pyritous coal. The decompofition of water upon the 
pyrites determines the heat, and the production of a great 
quantity of hydrogenous gas, which exerts itfelf againft the 
furrounding obflacles, and at length breaks them. This 
effect, is the chief caufe of earthquakes ; but when the con- 
courfe of air facilitates the combuflion of the bitumen and 
the hydrogenous gas, the flame is feen to iffue out of the 
chimneys or vents which are made : and this occafions the 
fire of volcanos. 

* So in the original ; but the matter as well as th .lies of this 

fubftance put it out of doubt that it '.':. »ul I be lens. T. 
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There are many volcanos fr.il! in an active (late on our globe,, 
independent of thofe of Italy, which are the mod known,.. 
The abbe' Chappe has defcribed three burning in Siberia* 
Anderfon and Von Troil have defcribed thofe of Iceland. 
Afia and Africa contain feveral : and we find the remains 
ofthefe fires or volcanic products in all parts of the globe. 

Naturalifls inform us that all the fouthern iflands have 
been volcanized ; and they are feen daily to be formed by 
the action of thefe fubterraneous fires. The traces of fire 
exift even immediately around us. The fingle province of 
Languedoc contains more extinct volcanos than twenty years 
ago were known to exiil through all Europe. The black 
colour of the ftones, their fpungy texture, the other products 
of fire, and the identity of thefe fubflances with thofe of the 
volcanos at prefent burning, are all in favour of the opinion 
that their origin was the fame*. 



* A volcano was announced and defcribed to be burning in Languedoc, rrfpecling which 
it is neceffary to give fome elucidation. This pretended volcano is known by the name of 
the Phofphorusof Vencjan. 

Venejan is a village fituated at the durance of a quarter of a league from the high road 
between St. Lfprit and Bagnols. From time immemorial, at the return of fpring, a fire 
was feen from the high road, which increafed during the fummer, was gradually extinguish- 
ed in autumn, and was vifible only in the night. Several perfons ha»l at various times direct - 
ed their courl'e from the high road, in a right line towards Vencjan, to verify the fact 
upon the fpot: but the neceffiry of defcending into a deep valley before they could arrive 
thither, occafioned them to lofe fight of the fire; and on their arrival at Venejan no ap- 
pearand was feen in the leaft refembling the fire of a volcano. Mr. de GenfTaiie defcribes 
this phenomenon, and compares it to the flashing of a ftrong aurora bcrealis: he even fays 
that the country is volcanic. Hi/1. Nat. du Languedoc, Diocefe de'Uzes. — At length, in 
the courfeof the laft four or five years, it was obferved that thefe fires were multiplied in 
the fpring; and that, in.tead of one, there were three. Certain philofophers of Bagnols 
undertook the project of examining this phenomenon mere clof.ly ; and for this purpofe 
they repaiied to a fpot be' ween the high road and Vencjan, armed with torches, fpeaking 
trumpets, and every other implement which they conceived to be neceffary for making 
their obfervatbns. At midnight, four or five of the party were deputed and directed to- 
wards the fire ; and thofe who remained behind directed them conftantly in their way by 
m ans of their fpeaking trumpets. They at laft arrived at the village, where they found 
three groupes of women winding filk in the middle of the ftreet by the light of a 
fire maJeofhemp ftalks. All the volcanic phenomena then difappcared, and the explana- 
tion of the obfervations made on this fubjedt became very fimple. In the fpring, the fire was 
weak, becaufe it was fed with wood, which afforded heat and light ; during the fummer, 
hemp (talks were burned, becaufe light only was wanted. At that time there were three 
fires, becaufe the fair of Saint Efprit was near at hand, at which they fold their filk, and 
which confequently put them under the nece.Tity of expediting their work. As thefe ob- 
servers announced their arrival with much noife, the country people d-ove tnem back by 
a (hower of ftjnes which the Don Qujxotes of natural hiftary might have taken for a vol. 
came eruption. 
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When the decompofition of the pyrites is advanced, and 
the vapours and elaftic fluids can no longer be contained in 
the bowels of the earth, the ground is fhaken, and exhibits 
the phenomena of earthquakes. Mephitic vapours are 
multiplied on the furface of the ground, and dreadful hollow 
noifes are heard. In Iceland, the rivers and fprings arc 
fwallowed up: a thick fmoke mixed with fparks and light- 
ning, is then difengaged from the crater ; and naturalifts 
have obferved thit, when the fmoke ofVefuvius takes the 
form of a pine, the eruption is near at hand. 

To thefe preludes, which fhew the internal agitation to be 
great, and that obflacles oppofe the hTue of the volcanic 
matters, fucceeds an eruption of (tones and other produces, 
which the lava drives before it : and laftly appears a river 
of lava, which flows out, and fpreads itfelf down the fide of 
the mountain. At this period the calm is reflored in the 
bowels of the earth, and the eruption continues without 
earthquakes. The violent efforts of the included matter 
fometimes caufe the fides of the mountain to open ; and this 
is the caufe which has fucceflively formed the fmaller moun- 
tains which furround volcanos. Montenuovo, which is a 
hundred and eighty feet high, and three thoufand in breadth, 
was formed in a night. 

This crifis is fometimes fucceeded by an eruption of afhes 
which darken the air. Thefe afhes are the laft refultofthe 
alteration of the coals ; and the matter which is firft thrown 
cutis that which the heat has half vitrified. In the year 
1767, the afhes of Vefuvius were carried twenty leagues 
out to fea, and the flreets of Naples were covered with 
them. The report of Dion, concerning the eruption of 
Vefuvius in the reign of Titus, wherein the afhes were car- 
ried into Africa, Egypt, and Syria, feems to be fabulous. 
Mr. de Sauifure obferves that the foil of Rome is of this 
charade", and that the famous catacombs are all made in 
the volcanic afhes. 

It muft be admitted, however, that the force with which 
all thefe products are thrown, is aflonifhing. In the year 
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1769, a ftonc twelve feet high, and four in circumference, 
was thrown to the diftance of a quarter of a mile from the 
crater: and in the year 1771, Sir William Hamilton ob- 
ferved (tones of an enormous iize, which employed eleven 
feconds in falling. 

The eruption of volcanos is frequently aqueous : the wa- 
ter, which is confined, and favours the decompofition of the 
pyrites, is fometimes ftrongly thrown out. Sea fait is found 
among the ejected matter, and likewife fal ammoniac. In 
the year 1630, a torrent of boiling water, mixed with lava, 
deftroyed Portici and Torre del Greco. Hamilton faw boil- 
ing water ejected. The fprings of boiling water in Iceland, 
and ail the hot fprings which abound at the furface of the 
globe, owe their heat only to the decompofition of pyrites. 
Some eruptions are of a muddy fubftance ; and thefe form 
the tufa, and the puzzolano. The eruption which buried 
Herculaneum is of this kind. Hamilton found an antique 
head, whofe imprefhon was well enough preferved to an- 
fwer the purpo'e of a mould. Herculaneum, at the leafl 
depth is feventy feet under the furface of the ground, and 
often at one hundred and twenty. 

The puzzolano is of various colours. It is ufually red- 
difh ; fometimes grey, white, or green ; it frequently con- 
fifts of pumice ftone in powder ; but fometimes it is formed 
of calcined clay. One hundred parts of red puzzolano af- 
forded Bergman, filex $$, alumine 20, lime 5, iron 20. 

When the lava is once thrown out of the crater, it rolls 
in large rivers down the fi ie of the mountain to a certain 
diftance, which forms the currents of lava, the volcanic 
caufeways, &c. The furface of the lava cools, and forms a 
folid crufl, under which the liquid lava flows. After the 
eruption, this cruft fometimes remains, and forms hollow 
galleries, which Meffrs. Hamilton and Ferber have vifited : it 
is in thefe hollow places that the fal ammoniac, the marine 
fait, and other fubilances fublime. A lava may be turned 
out of its courfe by oppofing banks or dikes againft it : this 
was done in 1669, to fave Catania ; and Sir William Ha- 
milton propofed it to the king of Naples, to preferve Portici. 
The currents of lava fometimes remain feveral years in 
cooling. Sir William Hamilton obferved,in 1769, that the 
lava which flowed in 1766 was (till fmoking in fome places. 
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When the current of lava is received by water its cooling 
is quicker ; and the mafs of lava fhrinks fo as to become di- 
vided into thofe columns which are called bafaltes. The 
famous Giants Caufeway is themoft aftoniihing effect ofthis 
kind which we are acquainted with. It exhibits thirty 
thoufand columns in front, and is two leagues in length along 
the fea coaft. Thefe columns are between fifteen and fixte( n 
inches in diameter, and from twenty-five to thirty feet long. 

The bafaltes aredivided into columns of four, five, fix, and 
feven fides. The emperor Vefpafian made an entire ftatue, 
with fixteen children, out of a fingle column of bafaltes, 
which he dedicated to the Nile, in the temple of Peace. 

Bafaltes afforded Bergman, per quintal, filex $6, alumine 
15, lime 4, iron 25. 

Lava is fometimes fwelled up and porous. The lighted 
is called pumice-fione. 

The fubflances thrown out by volcanos are not altered 
by fire. They ejecl: native fubftances, fuch as quartz, cry- 
flals of amethyft, agate, gypfum, amianthus, feld-fpar, 
mica, fhells, fchorl, &c. 

The fire of volcanos is feldom ftrong enough to vitrify 
the matters it throws out. We know only of the yellowifh 
capillary and flexible glafs thrown out by the volcanos of the 
ifland of Bourbon on the fourteenth of May 1766, (M. 
Commerfon), and the lapis gallinaceus ejected by Ilccla. 
Mr. Egolfrjoufon, who is employed by the Obfervarcry at 
Copenhagen, has fettled in Iceland, where he ufes a mirror 
of a telefcope which he has made out of the black agate of 
Iceland. 

The flow operation of time decompofes lavas, and their 
remains are very proper for vegetation. The fertile ifland 
of Sicily has been every where volcanized. I obferved fe- 
veral ancient volcanos at prefent cultivated ; and the line 
which feparates the other earths from the volcanic < 
conftitutes the limit of vegetation. The ground over the 
ruins of Pompeia is highly cultivated. Sir William Hamil- 
ton coniiders fubterranean fires as the great vehicle uied by 
nature to extract virgin earth out of the bowels of the globe, 
and repair the exhausted furface. 

The decomposition of lava is very flow. Strata of vege- 
table earth, and pure lava, are occafionally found applied 
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one over the other ; which denote eruptions made at diftan- 
ces of time very remote from each other, fmce it requires 
nearly two thoufand years before lava receives the plough. 
An argument has been drawn from this phenomenon to prove 
the antiquity of the globe : but the filence of the mod anci- 
ent authors concerning the the volcanos of our kingdom, of 
which we find fuch frequent traces, proves that thefe vol- 
canos have been extinguifhed from time immemorial ; a cir- 
cumstance which carries their exiftence to a very diflant 
period Befides this, feveral thoufand years of conne&cd 
obfervations have not afforded any remarkable change in 
Vefuvius or Etna ; neverthelefs, thefe enormous mountains 
are all volcanized, and confequently formed of flrata applied 
one upon the other. The prodigy becomes much more 
(Inking, when we obferve that all the furrounding country, 
to very great diftances, has been thrown out of the bowels 
of the earth. 

The height of Vefuvius above the level of the fea is three 
thouiend fix hundred and fifty-nine feet ; its circumference 
thirty four thoufand four hundred and forty-four. The 
height of Etna is ten thoufand and thirty-fix feet ; and it 
circumference one hundred and eighty thoufand. 
The various volcanic produces are applicable to feveral ufes. 

1. The puzzolanois of admirable ufe for building in the 
water: when mixed with lime, it fpeedily fixes itfelf; and 
water does not foften it, for it becomes continually harder 
and harder. I have proved that calcined ochres afford the 
fame advantage for this purpofe ; they are made into balls, 
and baked in a potter's furnace in the ufual manner, The 
experiments made at Sette, by the cominiffary of the pro ■ 
vince, prove that they may be fubftituted with the greateff. 
advantage, inftead or the puzzolano of Italy. 

2. Lava is likewife fufceptibie of vitrification; and in this 
(late it may be blown into opake bottles of the greatest light- 
nefs, as I have done at Erepian and at Ahis. The very 
hard lava, mixed in equal parts in wood aihes and feda, 
produced an excellent green glafs. The bottles made of it 
were only half the weight of common bottles, and much 
ftronger ; as was proved by my experiments, and thofe which 
Mr. Jolly de Fleury ordered to be made under his admini- 
flration. 

4 H 
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3. Puinice (lone likewife has it ufes ; it is more efpecially 
ufed to polifri moft bodies which are fomewhat hard. It is 
employed in the mafs or in powder, according to the in- 
tended purpofe. Sometimes, after levigaticn, it is mixed 
with water to render it fofter. 



CHAPTER III. 
Concerning the decompofition of Vegetables in the BcWrels of the Earth* 



__ERBACEOUS plants, buried in the earth, arc 
flowly decompofed ; but the waters which filter through and 
penetrate them relax their texture. The falts are extracted ; 
and they become converted into a flratum of blackifh matter, 
in which the vegetable texture is ftill difcernible. Thefe 
itrata arefometimes perceived in digging into the earth. But 
this alteration is infinitely more perceptible in wood itfelf. 
than in herbaceous plants. The ligneous body of a tree 
buried under the ground becomes of a black colour, more 
friable, and breaks fhort ; the fraclure is mining; and the 
whole mafs appears, in this (late, to form an uniform fub- 
flance, capableof the fined polim. The wood thus changed 
is called Jet. In the environs of Montpellier, near St. John 
de Cucule, feveral cart loads of trunks of trees have been 
dug up, whofe form was perfectly preferved, but which were 
converted into jet. In the works at Nifmes pieces of wood were 
found entirely converted into the ftate of jet. In the neigh- 
bourhood of Vachery, in Gevaudan, a jet is found, in which 
the texture of the walnut tree is very difcernible. 1 he texture 
of the beech is feen in the jet of Bofrup in Scania. In Guelbre 
a foreft of pines has been difcovered buried beneath the fand ; 
and at Beichlitz two ftrataof coal are wrought, according to 
.Mr. jars, the one bituminous, and the other of foffil wood. 
I preferve in the cabinet of mineralogy of Languedoc, feve- 
ral pieces of wood whole external part is in the ftate of jet, 
while the internal part ftill remains in the ligneous ftate ; fo 
that the tranfition from the one to the other may be obferved. 
Jet is capable of receiving the moll: perfeel polifh. It is 
made in toys, fuch as buttons, muff-boxes, neck laces, and 
other ornaments. It is wrought in Languedoc, near Saint 
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Colombe, at the diftance of three leagues from Caftelnau- 
dray. It is ground down, and cut into facets, by mills. 
Jet foftens in the lire, and burns with the emiflion of a 
fetid odour. It affords an oil which is more or lefs black, 
bat maybe rendered colourefs by repeated diftillations from 
the earth of Murviel. 



CHAPTER IV. 
Cnncerninz the A&ion of Air and Heat upon Vegetables. 



HEN the heat is applied to a vegetable expofed 
to the air, certain phenomena are produced, which depend 
on the combination of pure air with the inflammable prin- 
ciples of the plant ; and this is combuftion. 

In order to produce a commencement, a heated body is 
applied to the dry wood which is intended to be fet on fire. 
By this means the principles are volatilized in the fame or- 
der as we have pointed out in the preceding article. A fmoke 
is produced, which is a mixture of water, oil, volatile falts, 
and all the gaffeous produces which refult from the combi- 
nation of vital air with the feveral principles of the vegeta- 
ble. The heat then increafes by the combination of the air 
itfelf, becaufe it pafles to the concrete flate : and when 
this heat is carried to a certain point, the vegetable takes fire, 
and the combuftion proceeds until all the inflammable prin- 
ciples are deftroyed. 

In this operation there is an abforption of vital air, and a 
production of heat and light. The combuftion will be 
Itronger in proportion as the imflammable principle is more 
abundant, as the aqueous principle is lefs abundant, as the 
wood is more refinous, and as the air is purer and more 
condenfed. 

The difengagement of heat and light is more considerable, 
accordingly as the combination of vital is ftronger in a 
given time. 

The refidues of combuftion confiii of fubftances which are 
volatilized, and fixed fubftances ; the one forms the foot, 
the other the afhes. 

The foot partly arifes from fubftances imperfectly burned, 
decompofed only in part, which have cfcaped the action of 
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vital air. Hence it is that the foot mny be burned over 
again : and hence likewife it is that, when the combullion is 
very rapid and effectual, there is no prcccptible fmoke ; be- 
caufe all the imflainmable matter is then deftroyed, as in the 
cylinder lamps, violent (ires, &C 

' The analyfis of foot exhibits on oil which may be extract- 
ed by diftillation ; a refin which may be taken up by alco- 
hol, and which arifes either from the imperfect alteration <•! 
the refm of the vegetable, or the combination of vital air 
with the volatile oil. It likewife affords an acid, which is 
often formed by the decompohtion of mucus ; and it is this 
acid, of great utility in the arts, for which the Accademy of 
Stockholm has deferibed a furnace proper for collecting it. 
Soot likewife affords volatile fairs, inch as the carbonate of 
ammoniac, and ethers. A flight portion of fibrous matter 
is like wife volatilized by the force of the fire, and wc find it 
again in the foot. 

°The fixed principle remaining after combuftion, forms the 
allies. They contain falls, earths, and metals, of which we 
have already treated. The falts are ; : .x-:d alkalis, fulphates, 
nitrates muriates, &c. the ftietalsare iron, gold, manganefe, 
&c. and the earths are alumine, lime, filex, and magnefia. 



CHAPTER V. 

Concerning the action of Air and Water, "which determine a Com- 
meftcernent of Fermentation that ftpvoutes the Vegetable Juices from 
the Ligneous Part. 



HEN the decompofuion of vegetables is facili- 
tated by the alternate action of air and water, their organizati- 
>n becomes deftroyed ; the connection between the various 
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principles is broken ; the water carries away the juices j and 
leaves the fibrous Ikeleton naked, fufficiently coherent, and 
iufheiently abundant in certain vegetables, to be extracted in 
this war. Henlp is prepared in this manner. The abbe' 
zaer attributes the advantage of watering to the fermen- 
r.don of the mucilaginous pai t. IvL Piozct has proved that 
hemp contains an extractive and rcfinous part ; and that the 
tvaterino - deftroys the fcimer, and tic fecond is detached 
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almod mechanically. It has been obferved that the addition 
of a fmall quantity of alkali favours this operation. 

Running water is preferable to (landing water ; becaufe 
(landing water keeps up and developes a ftfonger fermen- 
tation, which attacks the ligneous part. It has been obferv- 
ed chat flax prepared in running water is whiter and (Ironger 
than that which is prepared in (landing water. The ftag- 
nant water has likewife the inconvenience of emitting an un- 
pleafant fmell, pernicious to the animal ceconomy. The 
addition of alkali corrects and prevents this effefit. 

In the diocefe of Lodeve the young moots of the Spanifli 
genet are prepared by a very fimple procefs. It is fown on 
the high grounds, where it is left for three years; at the end 
of which time the fprigs or young (hoots are cut, and formed 
into bundles, which are fold from twelve to fifteen fous each. 
The firft operation confifls in crufning them with a beetle. 
The following day they are laid in a running dream, with 
(tones upon them, to prevent their being warned away. In 
the evening they are taken out, and laid in a heap on the 
banks of the river, upon draw or fern, covering them with 
the fame, and loading the heap with ftones : this operation 
they call mettre a convert. Every evening they throw water 
on the heap. At the end of eight days they open the mafs, 
and find that the bark is eafily fcparated from the wood. 
They take the packets, one after the other, and beat and 
rub them drongly with a flat done, till the epidermis of the 
extremities is well cleared off, and the whole dem becomes 
white. It is then hung to dry ; and the bark which was 
feparated from the ligneous fubftance, is carded and fpun, 
and made into very ufeful cloth. The peafants are ac- 
quainted with no other linen for cloths, facks, ftiirts, he. 
Every one prepares his own, none being made for fale. 

The genet, genida juncea, has likewife the advantage of 
affording a green food to cattle during the winter ; at the 
fame time that it fupports the earth by its roots, and prevents 
its being carried down into the valleys. The bark of the 
mulberry tree may be treated in the fame manner. Olive 
de Serres has defcribed a good procefs for this purpofe. 

It is the dkeleton formed by the vegetable fibre only, and 
deprived of all foreign matter, which is ufed to make cloth; 
it is the mod incorruptible principle of vegetation, and when 
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this fibre, being converted into cloth, can no longer be ufed 
as fuch, it is fubjected to extreme divifion, to convert it Into 
paper. The operations for this purpofe are the following: — 
The rags are cleaned, and laid in water to rot ; after whi< h 
they are torn by hooked peftles moved by water : the ic- 
cond peftles under which they are made to pafs, arc noi 
armed with hooks like the firti:, but merely with round 
nails ; the third are of wood only. By this means the rags 
are converted into a parte, which is attenuated Hill more by 
boiling. This parte is received in wire moulds, dried, and 
forms blotting paper. Writing paper is dipped in fize,' and 
fometimes glazed. 



^PTELi VI. 

srning the Action of Air, of Heat, and of Water upon 
tables. 

V v MEN the various juices of vegetables arc diiluf- 
ed in water, and the action of this fluid is favoured by the 
combined a&ion of air and heat, a decompofition of thefe 
juices enfues. The oxigenous gas may be confidered as the 
firrt agent of fermentation : it is afforded either by the at- 
mofphere, or by the water which is decompofe.l. 

It was from ?.n obfervation of thefe facts that Becher 
thought himfelf authorized to confider fermentation a? a kind 
of combuftion : — Nam comburtio, feu calcinatio per fortem 
ignem, licet putrefactionis fpecies, eidemque analoga fit — 
fermentatio ergo definitur, quod fit corporis denfioris rare- 
faclio, particularuraque aerearum interpofitio, ex quo con- 
cluditur debere in aere fieri, nee nimium frigido nee nimium 
calido, ne partes raribiles expellantur, inaperto tamenvafe, 
vel tantum vacuo ut partes rarefied queant ; nam ftricta clo- 
fura, et vafis impletio, fermentationem totaliter impedit" — 
Becher, Phyf. Subft. f . i 15, v. cap. 1 1, p. 313. 

The conditions neceffary for the eftablifnment of fermen- 
tation are — [. The contact of pure air. 2. A certain 
decree of heat. 3. A quantity of water more or lefs confi- 
derable, which produces a difference in the effects. 

The phenomena which eflentially accompany fermenta- 
tion are — 1. The production of heat. 2. The abforption cf 
cxicrenous eas. 
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Fermentation may be afTifted — 1. By increafing the mafs 
of fermentable matter. 2. By ufmg a proper leaven. 

1 . By increafing the fermentable mafs, the principles on 
which the air muftacT: are multiplied; confequently the ac- 
tioh of this element is facilitated ; more heat is therefore 
produced by the fixation of a greater quantity of air ; and 
confequently the fermentation is promoted by the two caufes 
which molt eminently maintain it, heat and air. 

2. Two kinds of leaven may be diftinguiihed. 1. Bodies 
eminently putrefcible, the addition of which haftens the fer- 
mentation. 2. Thofe which already abound with oxigene, 
and which confequently afford a greater quantity of this 
principle of fermentation. This effe& is produced by the 
inhabitants of the banks of the Rhyne, by throwing frefh 
meat into the vintage, to flatten the fpiritous fermentation 
(Liiine Amcenit. Acad. Diifert. de Genefi Calculi) : and fo 
likewife the Chinefe throw excrements into a kind of beer, 
made of a decoclion of barley and oats. And en this ac- 
count it is that the acids, the neutral falts, chalk, rancid 
oils, and the metallic calces, &c. haften fermentation. 

The products of fermentation have caufed different fpe- 
cies to be diftinguifhed ; but this variety of effects depends 
on the variety of principles in the vegetables. When the 
faccharine principle predominates, the refult of the fermen- 
tation is a fpirituous liquor; when, on the contrary, the muci- 
lage is moft abundant, the product is acid ; if the gluten be 
one of the principles of the vegetable, there will be a pro- 
duction of ammoniac in the fermentation : fo that the lame 
fermentable mafs may undergo different alterations, which 
always depend on the nature and re r pecHve properties oi the 
condiment principles, the fufcepribiiity of change, &c. 
Thus a iaccharine liquid, after having undergone the fpiri- 
tuous fermentation, may be fubjefted to the acid fer- 
mentation by the decompofition of the mucilage which 
had refilled ' the firft fermention : but in all cafes the 
concourfc of air, water, and heat, is neceffary to devc- 
lope fermentation. We mail therefore confine ourfelves to 
the examination of thefe three agents — 1. On the juice;- ex- 
tracted from vegetables, and diffufed in water, which con- 
Ifitutes the fpirituous and acid fermentations ; 2. On the ve- 
getable itfelf, which will lead us to the formation of vege- 
table mould, ochres, &c. 
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ARTICLE I. 
Concerning the Spirituous Fermentation and its Products. 

That fermentation is diXtiiiguifhed by the name of Spiri- 
tuous, which affords ardent fpirit, or alcohol, as its product 
or refult. 

It may be confidered as a fundamental principle, that no 
fubftances are capable of this fermentation but faccharine 
bodies. Pure fugar mixed with water forms raffia, or rum, 
by fermentation ; and we find this principle in the analyfis 
of all the bodies which are fufceptible of it. 

In order to develope this fermentation, there is required, 
1. The accefs of air. 2. A degree of heat between ten and 
fifteen of Reaumur. 3. The divifion and exprefTion of the 
juice contained in the fruits, or in the plant. 4. A mafs or 
volume fomewhat confiderable. 

We will make the application of thefe principles to the 
fermentation of grapes. When thefe are ripe, and the fac- 
charine principle is developed, they are then preffed, and the 
juice which flows out is received in veffels of a proper capa- 
city, in which the fermentation appears, and proceeds in the 
following manner — -At the end of feveral days, and frequent- 
ly after a few hours, according to the heat of the atmofphere, 
the nature of the grapes, the quantity of the liquid, and the 
temperature of the place in which the operation is perform- 
ed, a movement is produced in the liquor, which continual- 
ly increafes ; the volume of the fluid increafes; it becomes 
turbid and oily ; carbonic acid is difengaged, which fills all 
the unoccupied part of the veffel, and the temperature rife, 
to the 1 8th degree. At the end of feveral days thefe tumul- 
tuous motions fubfide, the mafs falls, the liquor becomes 
clearer, and is found to be lefs faccharine, more odorant, 
and of a red colour, from the reaction of the ardent fpirit 
upon the colouring matter of the pellicle of the grape.* 

The caufes of an imperfect fermentation are the following ; 
1. If the heat be too little, the fermentation languifhes, the 

* Richardfon, in his Treatife on Brewing, infifts much on the differ. 
ence between the fpecific gravity of the fluid before and after fermenta- 
tion, which he considers as proportional to the ftrengtb or inebriating 
quality of the fluid. Fermented liquors have a lefs fc- cific gravity than 
they pofTeffed before the fermentation. This circumftance well defervei 
the attention of the manufacturer. T. 
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faccharine and oily matters are not fufficiently elaborated, 
and the wine is unctuous and fvveet. 

2. If thefaccharine body be not fufficiently abundant, as 
happens in rainy feafons, the wine is weak, and the muci- 
lage which predominates caufes it to become four by its de- 
composition. 

3. If the juice be too watery, concentrated and boiling 
mult is added. 

4. If thefaccharine principle be not fufficiently abundant, 
the defect may be remedied by the addition of fugar. Mac- 
quer has proved that excellent wine may be made of verjuice 
and fugar ; and Mr. De Bullion has made wine at Bellejames 
with the verjuice of his vine rows and moift fugar. 

There have been many difputes to determine whether 
g rapes mould be prefled with the (talks or without. It feems 
to me that this depends on the nature of the fruit. Wherj 
they are highly charged with faccharine and mucilaginous 
matter, the (talk corrects the infipidity of the wine by 
its bitter principle : but when, on the contrary, the juice 
is not too fweet, the ftalk renders it drier, and very 
rough. 

The wine is ufually taken out of the fermenting veffels at 
the period when all the phenomena of fermentation have 
fubfided. When the mafs is fettled, the colour of the liquor 
is well developed, when it has become clear, and its heat 
has difappeared \ it is put into cafks, where, by a fecond 
mfenfible fermentation, the wine is clarified its principles 
combine more perfectly together, and its tafle and fmell be- 
come more and more developed. 

If this fermentation be flopped or fuffocated, the gafeous 
principles are retained, and the wine is brifker, and more of 
the nature of rauit Becher had very proper ideas of the 
effects of thefe Vxo fermentations. 

Diftinguitur autem inter f;rmentationem apertum et clau- 
fam ; in aperta potus fermentatus fanior eft, fed debilior ; in 
ciaufa non ita fanus, fed fortior : caufa eft quod evaporantia 
rarefacta corpufcula imprimis magna adhuc filveflrium fpi- 
rituum copia, de quibus antea egimus, retineatur et in ipfum 
potum fe precipitet, unde valde cum fortem reddit. Becher, 
Phyf. Subt. lib. 1, v. V. cap. it, p. 313. 

4 I 
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It appears, from the interefling experiments of the Mar- 
quis de Bullion, that the vinous fermentation does not take 
place unlefs tartar be prefent. 

By evaporating the mull of grapes, a fait is obtained, 
which has the appearance of tartar, and forms fait of Seig- 
nette with the alkali of foda. A large quantity of fugar is 
alfo obtained. For this purpofe the tartar is firft to be ex- 
tracted ; after which, the muft having evaporated to the con- 
fidence of a thick iyrup, is to be left for fix months in a 
cellar. At the expiration of this time, the fugar is found in 
a confufed (late of cry Utilization ; and this being warned 
with fpirit of wine, to carry offthe colouring part, becomes 
very fine and pure. 

Wine deprived of this tartar ferments no more, and the 
fermentation is in proportion to the abundance of the tartar. 
Cream of tartar produces the fame effect. 

It appears that thefe falts act: only as leavens, to facilitate 
the decompofition of the faccharine principle. 

The juice of grapes is not the only vegetable fluid fu- 
fceptible of the fpirituous fermentation. 

Apples contain a juice which eafily ferments, and produ- 
ces cyder. Wild apples are ufually employed for this pur- 
pofe. Thefe are bruifed, and the juice preffed out, which 
ferments, and exhibits the fame phenomena as the juice of 
grapes. 

In order to have cyder fine, it is to be decanted oft' the 
lees as foon as the tumultuous fermentation has fubficed, 
and it begins to be clear. Sometimes, in order to render it 
milder, a certain quantity of the juice of apples recently ex- 
preffed is added, which produces a fecond fermentation in 
the cyder lefs ftrong than the firft. The cyder which is 
left to ftand on the lees acquires flrength by that means. 
Cyder affords the fame products as wine ; but the brandy 
obtained from it has a difagreeable flavour, becaufe the mu- 
cilage, which is very abundant in the cyder, is altered by 
the action of the heat of diftillation. But if it be cautioufly 
diftilled, it affords excellent brandy, according to the expe- 
riments of M. Darcct. 

The juice of the harfheft kind of pears affords, by fer- 
mentation, a kind of cyder called Perry. 



Spirituous Fermentation. 569 

Cherries likewife afford a tolerably good wine ; and a 
kind of brandy is obtained from them, which the Germans 
call Kirfchenwaffer. 

In Canada the fermentation of the faccharine juice of the 
maple affords a very good liquor ; and the Americans, by- 
fermenting the impure fyrups of fugar with two parts of wa- 
ter, form a liquor which affords the fpirit called Tama, or 
Rum, by the Englim. 

A drink called Beer is likewife prepared with certain 
grain ; fuch as wheat, oats, and barley ; but more efpeci- 
ally with the latter. 1. The grain is made to fprout or ve- 
getate, by fleeping it in water, and placing it in a heap. By 
this means the glutinous principle is deftroyed. 2. It is 
torrefied or Moved, to flop the progrefs of the fermentation, 
and fit it for the mill. 3. It is fifted, to feparate the fprouts 
or radicles. 4. It is ground into a very coarfe flour, named 
Malt. 5. The malt is infufed in hot water, in the mafh- 
tub. This diffolves the fugar and the mucilage, and is 
called the firft wort. It is then drawn off, heated, and 
again poured on the malt, which forms the fecond wort.* 
6. This infufion, or wort, is boiled with a certain quantity 
of hops, which communicate an extractive refinous principle 
to it. 7. An Acid leaven, or ferment, is added, and it is 
poured into a cooler, where it undergoes the fpirituous fer- 
mentation. When the fermentation has fubfided, it is ftir- 
red and put into calks, where it continues to ferment, and 
throws off a frothy fcum by the bung, which becomes four, 
and ferves as a ferment for future brewings under the name 
of Yeaft. 

The product: of all the fubflances is a liquor more or lefs 
coloured, capable of affording ardent fpirit, by diftillat ion, 
of an aromatic and refinous fmell, a penetrating hot tafte, 
which ftimulates the action of the fibres. 

Wine is an excellent drink, and is alfo ufed as the vehicle 
of certain medicines. Such are — 1. The emetic wine, 
which is prepared by digefting two pounds of good White 
wine on four ounces of the crocus metallorum : 2. Chaly- 
beated wine, made by digeft ing one ounce of fteel filings in 

* In our breweries this practice is only ufed for double ales : and the 
ftrcn^ths in other cafes are regulated by the number of times the fame malt 
is wetted, and the time of infufion. The third mauYing affords finall beer. T« 



$yo Spirituous Fermentation. 

two pounds of white wine : 3. The wines in which plants are 
infufed ; fuch as wormwood, forrel, and the liquid lauda- 
num of Sydenham, which is made by digeding for feveral 
days two ounces of diced opium, one ounce of faftron, one 
dram of pounded cinnamon and of cloves, in one pound of 
Spanifh wine. 

We (hall proceed to examine the ccnftituent principles of 
thefe fpirituous liquors by taking that of grapes for an t x- 
ample. The moment the wine is in the caik, a kind of 
analyfis takes place, which is announced by the feparation of 
fome of its conftituent principles ; fuch as the tartar which 
is depofited at the fides, and the lees which are precipitated 
to the bottom : fo that there remain only the ardent fpirit 
and the colouring matter diffufed in a volume of liquid 
which is more or lefs confiderable. 

1. The colouring principle is of a refinous nature, and is 
contained in the pellicle of the grape ; and the fluid is not 
coloured until the wine is formed ; for until then there is 
nothing which can diflblve it ; and hence it is that white 
wine may be made of red grapes, when the juice of the 
grape is expreffed, and the half thrown away. 

If wine be evaporated, the colouring principle remains in 
the refidue, and may be extracted by fpirit of wine. 

Old wines lofe their colour, a pellicle being precipitated, 
which is either depofited on the fides of the bottles, or falls 
to the bottom. If wine be expofed to the heat of the fun 
during the fummer, the colouring matter is detached in a 
pellicle, which falls to the bottom ; when the veffel is open- 
ed, the difcolouring is more fpeedy, and it is effected in two 
or three days during the fummer. The wine thus deprived 
of its colour is not perceptibly weakened. 

2 . Wine is ufually decompofed by diftillation ; and the 
firfl: produd of the operation is known by the name of 
Brandy. 

Brandies have been made fmce the thirteenth century ; 
and it was in Languedoc where this commerce firft originat- 
ed. Arnauld de Villeneuve appears to have been the author 
of this difcovery. The alembics in which wine was diftilled 
confifled for a long time of a kind of boiler, furmounted 
with a long cylindric neck, very narrow, and terminating in 
an hollow hemifphere, in which the vapours were coiu'uifed. 
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To this ftnall capital was adapted a narrow'tube, to convey 
the fluid into the Terpentine or worm pipe. This diftillatory 
apparatus has been fucceffively improved. The column has 
been confiderably lowered ; and the ftills generally adopted 
for the diftillation of wines in Languedoc are nearly of the 
following form. The body of the ftill is flat at bottom, and 
the fides rife perpendicularly to the height of twenty-one 
inches. At this height the fides incline inwards, fo as to di- 
minilh the opening to twelve inches. This opening ends in 
a neck of feveral inches long, which receives the bafis of a 
fmall covering called the head, which approaches to the 
figure of an inverted cone. From the angle of the upper 
bale of the capital, there iffues a fmall beak, intended to re- 
ceive the vapours of brandy, and tranfmit them into the 
worm-pipe to which it is adapted. This worm-pipe has five 
or fix turns, and is placed in a tub, which is kept filled with 
cold water, to condenfe the vapours. 

The body of the ftill is ufually furrounded by the mafonry 
as high as the neck, and the bottom only is expofed to the 
immediate action of the fire. An afh-hole, which is too 
fmall, a fire-place large enough, and a chimney place oppo- 
fite the door of the fire-place, conftitute the furnaces in 
which thefe dills are fixed. 

The ftill is charged with between five and fix quintals of 
wine : the diftillation is made in eight or nine hours ; and 
from fixty to feventy-five pounds of pit-coal are confumed in 
each diftillation. 

Every judicious perfon muft be aware of the imperfection 
of this apparatus. Its principal faults are the following : 

1. The form of the body is fuch as to contain a column of 
wine of confiderable height and little breadth, which being 
acled on by the fire at its bafe, is burned at that part before 
the upper part is heated. 

2. The contraction of the upper part renders the diftilla- 
tion more difficult and flow. In fact, this inclined part being 
continually ftruck by the air, condenfes the vapours, which 
inceffantly return into the boiler. It likewife oppofes the 
free paffage of the vapours, and forms a kind of eclopile, as 
Mr. Beaume has obferved ; fo that the vapours, being com- 
preflfed at this narrow neck, read on the wine, and oppofe 
its further afcent. 
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3. The capital is not conflrucled in a more advantageous 
manner. The upper part becomes of the fame temperature 
as the vapours, which cannot therefore be condeni'ed, and, 
by their reaction, either fufpend or retard the diflillation. 

4. In addition to this imperfect form of the aparatus, is 
joined the molt difadvantageous method of adminiitering the 
fire. The afh-hole is every where much contracted ; the 
fire-place is very large, and the door fhuts badly. In con- 
fequenceof this, a current of air paries between the com- 
bullible matter and the bottom of the dill, and the flame is 
driven into the chimney, without being turned to advantage. 
A violent fire is therefore required to heat the ftove only to 
a moderate degree, in this defective conftruction. 

Several other degrees of perfection have beenfucceflivcly 
obtained in the manufactories of Mr. Joubert : but I have 
judged it poffible to add flill more to what was known, and 
the following are the principles I fet out from. 

The whole art of diftillation is reduced to the two follow- 
ing principles : — 1. The vapours ought to be difengaged, 
and raifed in the moft economical manner ; 2. And their 
condenfation ought to be as fpeedy as poflible. 

To anfwer the firft of thefe conditions, it is neceffary that 
the boiler mould prefent the largeft poffible furface to the 
fire, and that the heat fhould be every where equally applied. 
2. The fecond condition requires that the afcent of the 
vapours fhould not be impeded, and that they fhould ftrike 
againft cold bodies, which fhall rapidly condenfe them. 

The ftills which I have conftructed upon thefe principles 
are more broad than high 5 the bottom is concave, in order 
that the fire may be nearly at an equal diftance from all the 
points of its furface ; the fides are elevated perpendicularly 
in fuch a manner that the body exhibits the form of a por- 
tion of a cylinder ; and this body is covered with a vaft capi- 
tal, furrounded by its refrigeratory. This capital has a 
groove or channel, projecting two inches at its lower part 
within : the fides have an inclination of fixty five degrees; 
becaufe I have afcertained that, at this degree, a drop of 
brandy will run along without falling again into the flill. 
The beak of the capital is as high and as wide as the capital 
itfelf, and infenfibly diminishes till it comes to the worm-pipe 
idelf. The refrigeratory accompanies the beak, or neck, 
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and h as a cock at its further end, which fuffers the water to 
run out, while its place is fupplied by other cold water, 
which inceflantly flows in from above. 

When the water of the refrigeratory begins to be warm, 
a cock is then opened, that it may efcape in proportion as it 
is more plentifully fupplied from above. By this means the 
water is kept at an equal temperature, and the vapours which 
ftrike againft the fides of the head and condenfed, at the 
fame time that thofe which rife fuffer no obftacle, as they 
are fubje&ed to no contraction of fpace. In this conftrucrion, 
the worm-pipe may be almoft difpenfed with, becaufe the 
water in the worm-tub does not become perceptibly heated. 

Thefe proceedings are very economical and advantage- 
ous ; for the quality of the brandy is better, and the quan- 
tity is larger. 

The diftillation of the wine is kept up until the product is 
no longer inflammable. This brandy it put into calks, when 
it becomes coloured by the extraction of a refinous princi- 
ple contained in the wood. 

The wine of our climates affords one-fifth or one-fourth 
of brandy, of the proof flrength of commerce. 

The diftillation of brandy by a more moderate heat affords 
a more volatile fluid, called Spirit of Wine, or Alcohol. To 
make common fpirit of wine, brandy is taken and diftilled 
on a water bath by diftillation*. This fpirit of wine may 
be purified and rectified by fubfequent diftillations, and tak- 
ing only the firft portions which come over. 

Alcohol is a very inflammable and very volatile fubftance. 
It appears to be formed by the intimate union of much hy- 
drogene andcarbone, according totheanalyfisof Mr. Lavoi- 
fi«r. This fame chemift obtained eighteen ounces of water 
by burning one pound of alcohol. If well-dephlegmated al- 
cohol be digefted upon calcined potafh, and afterwards dil- 
tilled, a very fweet alcohol is obtained, and a faponaceous 

* The ardent fpirit fold in London by the name of Spirit of Wine, orLasnp Spirit, is 
made by the re&ifierS of malt and melafles fpirit in London, by diftillation of the refidues of 
their compounded lpirits. It is pretty csmftantly of the fpecific gravity of 0,845 at the tem- 
perature of 60 Fahrenheit; and may, by careful rectification, bi biOJght nearly up to c,5?20. 
Dry alkali deprives it of more of its water. On the fubject of the fticnjih of friiits, confu.t 
fthgdern in Phil. Trarjf. vdl. lxxxi. T. 
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extract which affords alcohol, ammoniac, and an empyrcu- 
matic oil. In this experiment the formation of volatile al- 
kali appears to arife from the combination of the hydrogenc 
of the alcohol with the nitrogene of the potafli. 

There are various methods ufed in the arts to judge of the 
degree of concentration of fpirit of wine. Gunpowder is put 
into a fpoon, and moiflened with fpirit of wine, which is fet 
on fire: if the powder takes fire, the fpirit is conlldered tore 
good ; but the contrary, if this effect does not take place. 
But this method is fallacious, becaufe the effect depends on 
the proportion in which the fpirit of wine is ufed ; a final 1 
quantity always inflames the powder ; and a ftrong dofe ne- 
ver produces this effect, becaufe the water which remains 
foaks into the powder, and defends it from the combuttion. 

The areometer of Mr. Baume is not to be depended on ; 
becaufe, in the ufe of it, no account is kept of the tempera- 
ture of the atmofphere, which, by changing the denfity of 
the fpirit of wine, is productive of a change in the refult as 
given by this inftrument. That of Mr. Bories is more ac- 
curate, becaufe the thermometer is adapted to it ; and is now 
ufed in commerce. 

Alcohol is thefolvent of refins, and of moil aromatic fub- 
flances ; and confequently it forms the bafis of the art of 
the varnifher and of the perfumer. 

Spirit of wine combined with oxigene forms a liquor 
nearly infoluble in water, which is called ether. 

Ether has been formed with moil of the know n acids. 

The moil ancient of all is the vitriolic or fulphuiic ether. 
To make this, a certain quantity of alcohol is put into a re- 
tort, and an equal weight of concentrated fulphuric acid is 
gradually added. The mixture is fhaken and agitated, to 
prevent the retort from breaking by the partial effect of the 
heat which arifes. The retort is then placed on a heated 
fand bath, a receiver is adapted, and the mixture is heated 
to ebullion. Alcohol firfb paffes over ; foon after which, 
flreams of fluid appear in the neck of the retort, and within 
the receiver which denote the riling of the ether. Its 
fmell is agreeable. Vapours of fulphureous acid fucceed 
the ether; and the receiver muff be taken away the moment 
they appear. If the diflillation be continued, fulphureous 
ether is obtained, and the oil which is called Etherial Oil, 
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or the Iweet oil of ■■wine j and that which remains in the re- 
tort is a mixture of undecompofed acid, fulphur and a 
matter refembiing bitumens. 

We fee that in this operation the fulphuric acid is decom- 
pofed ; and that the oxigene by combining with the hydro- 
gene and the carbone of the alcohol, has formed three ftates, 
which we alfo find in the diitillation of fome bitumens — 1. 
A very volatile oil or ether. 2. Etherial oil. 3. Bitumen. 

If the fulphuric acid be digefted upon ether, it converts 
the whole gradually into ethereal oil. 

When the ether is mixed with fulphureous vapours, it 
mud be rectified by a gentle heat; a few drops of alkali 
being nrlr. poured in, to combine with the acid. 

Sulphuric ether may be made very economically, by ufmg 
a leaden flill with a head of copper well tinned. In this 
Way I prepare it by the quintal without any difficulty. 

Mr. Cadet has propofed to pour on the refidue of the 
retort one third part cf crood alcohol, and to diftil it in the 
it r u al way. 

Ether is very light, very volatile, and of a pleafant fmell. 

It is 10 eafily evaporated, that if a hue rag be fteeped in this 

liquor then wrapped around the ball of the thermometer, and 

inftrument be agitated in the air, the thermometer 

finks to the freezing point*. 

Ether eafilv burns, and exhibits a blue flame. It is very 
fparingly foluble in water . 

Ether is an excellent antifpafmodic. It mitigates pains of 
the colic as if by enchantment, as it does likewife external 
pains. The celebrated Bucauet had accufiomed himfelf fo 



* Mr. Cavalfcj has (JeffribetJ, in the I'hilofcphical Tranf for 1781, a pleafing experiment 
ef freezing water by mean; of ether. Th- ether is put into a vial fo as not completely to 
rili it ; and in the neck, of this via! is fitted, by grinding, a tube whofe exterior end is drawn 
out to a capillary finenefs. Whenever the bottle thus flopped is inverted, the ether is 
ur^ed out of the tube in a fine dream, i* confequence of the prefliue exerted bythe elaf. 
tit etherial vapour which occupies the fuperior fpaie of the bottle. This ilream is directed 
on the outride of a fmall glafs tube containing water, which it fpeedily cools down to tiw 
freezing point ; ter become; fudfenly opalte, in confequence of the 

icy crystallization. If a bended wir< b previoufly immerfed in the w.'.ftr, it may afterwards 
k« drawn out, and thei - ng with it. T. 
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much to this drink, that he took two pints per clay : a rare 
example of the power of habit on the conftitution. 

The mixture of two ounces of fpirit of wine, two ounces 
of ether, and twelve drops ofetherial oil, forms the anodyne 
liquor of Hoffman, 

MefTrs. Navier, Woulfe, Laplanche, Boguc and others, 
have defcribed various procefles for making nitric ether, 
which are more or lefs eafily imitated. For my part, 1 take 
equal parts of Alcohol, and nitric acid of commerce, of the 
ftrength of between thirty and thirty-five degrees. I put 
the whole into a tubulated retort, which I lit to a furnace, 
and adapt two receivers one fucceeding the other. The firlt 
receiver isimmerfed in a velTel of water. Thefecond is fur- 
rounded by a wet cloth ; and a fiphon communicates from 
its tublure to a veffel of water in which it is plunged. When 
the heat has penetrated the mixture, much vapours are dif- 
engaged, which are condenfed in ftrias, on the internal fur- 
faces of the receivers, whofe external furface is kept con- 
ftantly cold. The ether which I obtain is very pure and 
very abundant*. 

When the precaution of diftilling it properly is attended 
to, this etherbecomes nearly fimilar to the vitriolic. MefTrs. 
de Laffone and Cornette have obferved that it was more 
fedative. 

The difcillation of the muriatic acid with alcohol produces 
only a mixture of thefe two liquors, which is called the Dul- 
cified Muriatic Acid. 

Before the theory of ethers, and the fimple proccf, of 
combining a furplus of oxigene with the muriatic acid, were 
known, methods wereinvented to procure the muriatic ether, 
but fubflances were always made ufe of in which the muria- 
tic acid was oxigenated. In this manner it was that the baron 



* The ingenious author has forgotton to caution the inexperienced cherr.ift aguinft the 
danger of mixing thefe two liquors. The nitrous acid muft be very gradually added to thj 
fpirit of wine, by fmall potions at a time. It is faid, ami with reafon, to be of great im- 
portance, that the nitrous acid be added to the fpirit, and not the fpirit to the aci.t: ft r, in 
this laft cafe, the mixture will, during the greatcft part of the time of the operation of com- 
bining the fluids confift of a large portion of acid, with a frnaller portion of fpirit ; whereas, 
where the contrary method is adopted, the proportion of fpirit v/il! always be greater than 
that of the acid, until the bit quantity of acid is added. T. 
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de Bornes propofed the concentrated muriate of zinc, mix- 
ed and diftilled with alcohol ; and that the marquis de 
Courtanvaux diftilled the mixture of a pint of alcohol with 
two pounds and a half of the fuming muriate of tin. 

The theory of the formation of ether has in our time led 
to fimpler procefTes. 

Mr. Pelletier introduces a mixture of eight ounces of man- 
ganefe, and a pound and a half of the muriate of foda, in a 
large tubulated retort ; twelve ounces of fulphuric acid, and 
eight ounces of alcohol, are afterwards added. Diftillation 
is then proceeded on ; and ten ounces of a very etherial li- 
quor are obtained, from which four ounces of good ether 
are afforded by diftillation and rectification. 
i The very concentrated muriatic acid, diftilled from man- 
ganefein the apparatus of Woulfe, affords more ether. It 
is even fufficient, for this purpofe, to pafs the oxigenated mu- 
riatic acid through good alcohol to convert it into ether. 

This muriatic ether has the greateft analogy with the ful- 
phuric. It differs from it in two characters only — i. It emits, 
in burning, a fmell as penetrating as that of the fulphuric 
acid. 2. Its tafte is ftyptic, refembling that of alum. 

From thefe experiments it is evident that ether is merely 
a combinationof alcohol with the oxigene of the acids made 
ufe of. I have even obtained an etherial liquor by repeated 
diftillations of good alcohol from the red oxide of mercury. 

The idea of Macquer, who canfidered ether as fpirit of 
wine dephlegmated, or deprived of water, had little founda- 
tion ; for the diftillation of the fpirit of wine from the moft 
concentrated or drieft alkali, never affords any thing but 
fpirit of wine more or lefs dephlegmated. 

Coijcerninj Tartar. 

Tartar is depofited on the fides of calks during fermenta- 
tion : it forms a lining more or lefs thick, which is fcraped 
off. This is called crude tartar, and is fold in Languedoc 
from ten to fifteen livres the quintal. 

All wines do not afford the fame quantity of tartar, 
Newman remarked that the Hungarian wines left only a 
thin ftratum ; that the wines of France afforded more ; and 
that the Rhenifn wines afforded the pure it and the greateft 
quantity. 
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Tartar is diftinguifhed, from its colour, into red or white : 
the firft is afforded by red wine. 

The pureft tartar exhibits an imperfectly cryftallized ap- 
pearance : the form is the fame as we have affigned to the 
acidulous tartrite of pot alh ; and it is this quality which is 
called grained tartar (tartre grenu) in our refineries at Mont- 
pellier. 

The tafte of tartar is acid and vinous. One ounce of wa- 
ter, at the temperature, of ten degrees above o of Reaumur, 
diffolves no more than ten grains : boiling water difiolves 
more, but it falls down in cryftals by Cooling, 

Tartar is purified from an abundant extractive principle 
by proceflcs which are executed at Montpeilier and at Ve- 
nice. 

The following is the procefs ufed at Montpeilier : — The 
tartar is diffolved in water, and fuffered to cryftallize by 
cooling. The cryftals are then boiled in another veffel, with 
the addition of five or fix pounds of the white argillaceous 
earth of Murviel to each quintal of the fait. ^ After this 
boiling with the earth, a very white fait is obtained by eva- 
poration, which is known by the name of Cream of Tartar, 
or acidulous tartrite of potafh. 

M. Defmaretz has informed us (journal de Phyf. 1771) 
that the procefs ufed at Venice confifts — 1. In drying the 
tartar in iron boilers. 2. Pounding it, and diffolving it in 
hot water, which by cooling affords purer cryftals. 3. Re- 
diffolvingthefe cryftals in water, and clarifying the folurionby 
white of eggs and afhes. 

The procefs of Montpeilier is preferable to that of Venice. 
The addition of the afhes introduces a foreign fait, which al- 
ters the purity of the product. 

The acidulous tartrite of potafh cryftallizes in tetrahedral 
prifms cut off flantwife. 

This fait is ufed by the dyers as a mordant : but its great- 
eft: confumption is in the north, where it is ufed at table as 

a feafoner. 

Tartar appears to exift in the muft, and confequently in 
the grape itfelf. This has been afcertained by the experi- 
ments of De Rouelle and the marquis de Bullion. 

This fait exifls in many other vegetables. It is fufficiently 
proved that tamarifc and fumach contain it ; and the fame is 
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true of the barberry, of balm, carduus benedictus, reft- 
harrow, water-germander, and fage. 

The acidulous tartrite of potafli may be decompofed by 
means of fire, in the way of diftillation ; in which cafe the 
acid and the alkali are obtained feparately. This decompo- 
fition may alfo be affected by the fulphuric acid. 

The celebrated Scheele has defcribed a procefs of greater 
accuracy for obtaining the acid of cream of tartar. 

Two pounds of the cryftals are diffolved in water, into 
which chalk is thrown by degrees, till the liquid is faturated. 
A precipitate is formed, which is a true tartrite of lime, is 
taftelefs, and cracks between the teeth. This tartrite is put 
into a cucurbit ; and nine ounces of fulphuric acid, with five 
ounces of water, are poured on it. After twelve hours di- 
geflion with occafional flirring, the tartareous acid is fet at 
liberty in the folution, and may be cleared of the fulphate of 
lime by means of cold water. 

This tartareous acid affords cryftals by evaporation ; 
which when expofed to the fire, become black, and leave a 
fpongy coal behind. 

Treated in a retort, they afford an acid phlegm, and fome 
oil. 

The tafte of this acid is very fharp. 

It combines with alkalis, with lime, with barytes, alumine, 
magnefia, &c. 

The combination of potafh with this acid forms cream of 
tartar, when the acid is in excefs ; which is capable of en- 
tering into combinations, and forming triple falts. Such is 
the fait of Seignette, or tartrite of foda, which cryftalizes in 
tetrahedral rhomboidal prifms. 

The acidulous tartrite of potafh is very fparingly foluble 
in water. Boiling water diffolves only one twenty-eighth 
part. The addition of borax has been propofed to facilitate 
the folution ; as likewife fugar, which is lefs efficacious than 
borax, but makes a very agreeable and purgative lemonade 
with this fait. 

ARTICLE II. 

Concerning the Acic} Fermentation. 

The mucilaginous principle is more efpecially the fub- 
ftance on which the acid fermentation depends ; and when 
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it has been deflroyed, in old and generous wines, they are 
no longer capable of alteration, without the addition of a 
gummy matter, as I find from my own experiments. It is not 
true, therefore to fay that all fubftances which have paffed 
through the vinous fermentation, are capable of pairing to 
the ilate of vinegar ; fince this change depends on the muci- 
lage, which may not in all cafes be prefent. 

There are, therefore, three caufes neceflary to produce 
the acid fermentation in fpirituous liquors. 

1. The exiflence of mucilaginous matter, or mucilage. 
2. A degree of heat between eighteen and twenty-five de- 
grees of Reaumur. 3. The prefence of oxigenous gas. 

The procefs indicated by Boerhaave for making vinegar, 
is (till the mod frequently ufed. It confifls in fixing two 
cafks in a warm room or place. Two falfe bottoms of baf- 
ket work are fixed at a certain diftance from the bottom, up- 
on which the refufe of grapes and vine twigs are placed. One 
of thefe tuns is filled with wine, and the other only half 
filled. The fermentation begins in this lafl ; and, when it is 
in full action, it is checked by filling the cafk up with wine 
out of the other. The fermentation then takes place in the 
laft-mentioned cafk, that remained half filled ; and this is 
checked in the fame manner by pouring back the fame 
quantity of liquid out of the other ; and in this way the pro- 
cefs is continued till the vinegar is made, which is ufually 
in about fifteen days. 

When the fermentation developes itfelf, the liquid becomes 
heated and turbid ; a great number of filaments are feen in 
it ; it emits a lively fmell ; and much air is abforbed, accord- 
ing to the obfervation of the abbe Rozier. 

A large quantity of lees is formed, which fubfides when 
the vinegar becomes clear. This lees is very analogous to 
the fibrous matter. 

Vinegar is purified by diflillation. The firft portions 
which pafs over are weak ; but foon afcerwards the acetous 
acid arifes, and is ftronger the later it comes over in the 
diflillation. The fluid is called Diflilled Vinegar ; and is 
thus cleared of its colouring principle, and the lees, which 
is always more or lefs abundant. 

Vinegar may likewife be concentrated by expofing it to 
thefroft. The fuperabundant water freezes, and leaves the 
acid more condenfed. 
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The prefence of fpirit of wine, mucilage, and air, are ne- 
ceflary to form vinegar. Scheele has made it by decompof- 
ing the nitric acid upon fugar and mucilage. I communi- 
cated to the academy at Paris (vol. 1786) an obfervation of 
fame curiofity refpecting the formation of vinegar. Diftil- 
led water, impregnated with vinous gas, affords vinegar ; at 
the end of fome months, a depofition is made of a fubitance 
in flocks, which is analogous to the fibrous matter of vege- 
tables. When the water contains fulphate of lime, an exe- 
crable hepatic odor is developed, a depofition of fulphur is 
afforded, and all this is owing only to the decomposition or 
this fulphuric acid. 

As in the above experiments I had placed the water above 
the vinous fluid in fermentation, to impregnate it with the 
carbonic acid, the alcohol which evaporates with the acid 
carried the mucilage with it ; and the effe&s, I obferved, 
are refeable to this fubitance. 

The acetous acid is capable of combining with a flronger 
dole of oxigene ; and then forms radical vinegar, or the ace- 
tic acid. 

To form the acetic acid, the metallic oxides are diffolved 
in the acetous acid ; the fait which is obtained being then 
expofed to diftillation, affords the oxigenated acid. It has 
a very lively fmell, is cauftic, and its action upon bodies is 
very different from that of the acetous acid. 

This acetic acid has the advantage of forming ether with 
alcohol. For this purpofe, equal parts of the acid and al- 
cohol are to be diftilled together. The product of the 
diftillation is to be again added to the refidue in the retort; 
and a fmall quantity of the water of Rabel is like wife to be 
added- The whole becomes converted into ether. 

The combination of the acetous acid with potafh forms 
the acetite of potafh. 

To make this fait, pure potafh is faturated with diftilled 
vinegar, the liquor filtered, and evaporated to drynefs in a 
glafs veffel over a very gentle fire. The acetite of potafh 
has a penetrating acid tafte ; is decompofed by diftillation ; 
and affords an acid phlegm, an empyreumatic oil, ammoni- 
ac, and a large quantity of very odorant gas, formed of 
carbonic acid and hydrogene. The coal contains much 
fixed alkali in *a difengaged ftate. This fait is veryfoluble 
in water, and deliquefces in the air. 



582 Putrefaclion of Vegetables . 

The fulphuric acid poured upon it, dccompofcs it; and the 
produces which come overare fulphuric acid and acetic 

The acetous acid likewife combines with ibda ; and this 
combination is improperly called Cryftallizable Terra Folia- 
ta. The acetite of foda cryftallizes in ftriated prifms, and 
does not attract the humidity of the air. When thefe faltfl 
are diftilled, they leave a refidue, which forms an excellent 
and very active pyrophorous. 

The acetous acid likewife combines with ammoniac. The 
acetite which is produced is called the fpirit of Mindercru;--. 
This fait cannot be evaporated without the lofs of a confide- 
rable part, on account of its volatility : but, by a long eva- 
poration, it affords needle-formed cryflals, of a hot and pe- 
netrating tafte, and attracting- moifture from the air. Lime, 
fixed alkalis, mere heat or fire, and the acids, decompoie 
this fait. 

The fulphateof potafh, fprinkled trich the acetic acid, 
forms the fait of vinegar. 

ARTICLE III. 

Concerning the Putrid Fwmenfcaiiii r. 

In order that vegetables may undergo the two fermenta- 
tions we have treated of, it is neceflary that the juices fhould 
be extracted, and prefented in a considerable volume. A 
due degree of heat, together with other circu; B arti- 
ficially brought together, are likewife peceffasy ; :": r a grape, 
left on the (talk, produces neither ardent fpirit nor vinegar, 
but rots. It is this new kind of alteration we mall at pre- 
sent proceed to treat of. 

This fermentation is the mod natural termination 01 the 
vegetable. It is indeed the only end to which the natural 
courfe of things is dire&ed ; fince it is by this mean? that 
the exhaufted furfaceof the globe is repaired. The two other 
fermentations are the mere effeds of art, and form no pan 
of the great plan of nature. 

The life of the greateft part of vegetables lafls but a few 
months ; but the feeds they depofit affure their re-produc- 
tion. There are other more robuft vegetables which fupport 
the cold of winter, and only caft their leaves at that period. 
The annual vegetables, and vivacious plants, are altered by 
the combined a&ion of the caufes we have mentioned j and 
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the refult, according to the degree of decomposition, is either 
maneur, vegetable earth, or ochre. 

The conditions of the vegetable fermentation are the fol- 
lowing : 

1. It is neceffary that the organization be impregnated 
with water. Dried vegetables are preferved without putre- 
fying ; and, if they be moiftened, their fubfequent alteration 
is prodigioufly accelerated. In this manner it is that plants 
heaped together become heated, blacken, and take fire, if 
not Sufficiently dried. Fires of this kind are not rare, and 
the theory is not difficult to be explained. Wetted ropes, 
moid hay heaped together, and in a word every vegetable 
fubftance, putrefies or rots with greater facility, the more 
perfectly its texture is impregnated with water. 

1. The contact of air is the Second neceffary caufe in the 
putrefaction of vegetables. It is reported, in the Epheme- 
rides of the Curious in Natural Phenomena, for 1787, that 
ripe cherries were preferved for forty years, by inclofmg 
them in a veffel well luted, and placed at the bottom of a 
well. 

3. A certain degree of heat is likewife neceffary . The 
heat between five and ten degrees is fufficient to caufe de- 
composition. A greater heat diffipates the humidity, dries 
the vegetable, and preferves it from putrefaction. Too little 
heat retards or fu Spends it. 

4. It is likewife neceffary, for the due effect of this de- 
composition, that the vegetables mould be heaped together, 
and their juices abundant. A greater quantity of air is 
then combined with the vegetable; becaufe the juices 
and the Surfaces are then more considerable ; and conse- 
quently a greater degree of heat is produced, which acce- 
lerates the decomposition. 

When vegetables are heaped together, and their texture 
k foftened by the humidity with which they are impregnated, 
together with their own juices, the phenomena of decom- 
position are the following ; the colour of the vegetable is 
changed; the green leaves become yellow, the texture 
becomes lax, and the parts lefs coherent ; the colour of 
the vegetable itfelf changes to black or brown ; the maSs 
riSes, and perceptibly Swells up ; the heat becomes more m- 
tenSe, and is perceived on approaching the heap ; and the 

4 L 
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fumes which arife have already a fmell, which fomelimcs is 
not difagreeable ; at the fame time bubbles arife, and break 
at the furface of the liquid, when the Vegetables are reduced 
to a magma. This gas is a mixture of nitrogene, hydrogene, 
and carbonic acid. At this epocha, likewiie an ammoniacal 
gas is emitted, which is formed in thefc eircumftances : and, 
in proportion as thefe appearances diminifh, the ftrong and 
offenftve odour is fucceeded by another which is fainter and 
milder, and the mafs becomes dry. The internal part itill 
exhibits the vegetable flructure, when the item is iblid, and 
the fibrous matter has been the predominating principle ; 
and it then conftitutes manure or foil. Hence it arifes that 
the herbaceous plants of a loofe texture, and abounding in 
juices are not capable of forming manure by their decompo- 
fition, but are reduced into a brown mafs of little confid- 
ence, in which neither fibre nor texture are obferved ; and 
this is what, for the mod part, forms vegetable mould. 

Vegetable mould ufually conftitutes the firft covering or 
ftratum of our globe ; arid in fuch cafes wherein it is disco- 
vered at a depth in the earth, there is no doubt but it has 
been buried by fome revolution. 

When a vegetable is converted into earth by this tumul- 
tuous fermentation, it Rill retains the remains of the vegeta- 
ble mixed and confounded with the other foiid earths and 
metallic products ; and by diftillation it affords oil, nitrogene 
gas, and often hydrogene. It may therefore be con flder-ed 
as an intermediate fubftance between crude and organic bo- 
dies, which participates of the inertia of the one, and the 
activity of the other; and which in this Mate is ftill fubjecl 
to an infenfible fermentation, that changes its nature ftill 
more, and peprivesit of all its organic contents. Thefe re- 
mains of vegetables ftill contained in vegetable earth, ferve 
as food for other plants that may grow in it. The infenfible 
progrefs of fermentation, and the iuction of vep> im- 

poverifli the vegetable earth, deprive it of all its organic 
matter and there remain only the earths and metaii : c r< fidue 
which form the ftiff poor foils and ochres when the ferru- 
ginous principle is very abundant. 

As this muddy earth is a mixture of all the primitive 
earths, and fome of the metals which arc the product of ve- 
getation, as well as the oil:, the falts, and other prcducts we 
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meet with in it ; we may confider it as the refidue of vegeta- 
ble decompofitioa, as the great agent and means by which 
nature repairs the continual loffes the mineral kingdom un- 
dergoesy In this mixture of all the principles the materials 
of all compounds exift. ; and thefe materials are fo much the 
more difpofed to enter into combinations, as they are in a 
more divided and difengaged ftate. It is in thefe earths that 
we find diamonds, quartz-cryftals, fpars, gypfum, &c. It it 
in this martrix that the bog ores, or ochreous ores of iron, 
are formed ; and it appears that nature has referved the im- 
poverifhed refidue of vegetables for the reproduction or re- 
paration of the earthy and metallic fubftances of the globe, 
while the organic remains are made to ferve as nourifhment 
for the growth of other fucceeding vegetables. 



P A R T THE SIX T II. 



CONCERNING ANIMAL SUBSTANCES. 



INTRODUCTION. 

I HE abufe which, at the commencement of 
tl is century, was made of the application of chemiftry to 
medicine, occafioncd, a (hort time afterwards, that all the 
relations between the fcience and the art of healing were 
miftaken and rejected. It would no doubt have been more 
prudent, as well as more ufeful, to have connected thefe 
miftaken applications : but chemillry was not perhaps at that 
time in a fufHciently advanced ftate, to be advantageoufly ap- 
plied to the phenomena of living bodies ; and even at this 
day, we fee that, though the phyfiology of the human bo- 
dy is enriched with various interefling facts, there is ftill 
much to be done before they will be fufHciently numerous 
to exhibit a fatisfaclory mafs of doctrine. 

The imperfect fuccefs of chemiftry in that branch of the 
fcience which has theftudy of man for its object, arifes from 
the very nature of the fubject, itfelf. Some chemifts, by con- 
fidering the human body as a lifelefs and paflive fubfiance, 
have fuppofed the humours to undergo the fame changes as 
they would have been fubject. to out of the body ; others, 
from a very fuperficial knowledge of the conftitution of thefe 
humours, have pretended to explain all the phenomena of 
of the animal ceconomy. All have miftaken or overlooked 
that principle of life, which inceifantly acts upon the folids 
and fluids ; modifies, without ceafing, the impreflionof ex- 
ternal objects ; impedes the degenerations which depend on 
the conftitution itfelf ; and prefents to us phenomena which 
chemiftry never could have known cr predicted by attending 
to the invariable laws obferved in inanimate bodies. 
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None of the bodies of the mineral kingdom are governed 
by an internal force. They are all fubjected to the direct 
action of foreign fubitances, without any modification from 
any vital principle ; and the air, water and fire, produce in 
them the effects which are neceflfary, conftant, and fubject 
to calculation ; whence it happens that we are able to de- 
termine, modify, and vary the action of thefe various agents 
at pleafure. It is not the fame with living bodies ; they are 
ail indeed fubjedt to the influence of external bodies ; but the 
effect of thefe is modified by the reaction of the vital princi- 
ple, and is varied according to the difpofition of that princi- 
ple. The chemifl cannot therefore determine the effects a 
priori, and in a general way. He mull; fearch for his refults 
rather in the living body itfelf than in the operations of his 
laboratory ; and can have no affiftance from his analyfis but 
in afcertaining the nature of their component parts. But 
their action, effects, or tranfpofitions, can only be known by 
a ferious ftudy of the functions of the living body. Che- 
miftry can perform every thing in the mineral kingdom, be- 
caufe every thing depends on the laws of the affinities. But, 
in the kingdoms of organized beings, this fcience is fubor- 
dinate to the laws of the ceconomy of living bodies ; and its 
refults can only be affirmed to be true, when they are con- 
firmed by obfervation. 

The more the functions of the individual are independent 
of organization, the lefs is the empire of chemiftry over them, 
becaufe the effects are modified in a thoufand ways; and it is 
this which renders the application of chemical principles to 
the phenomena of the human body fo very difficult ; for the 
organization is not only very complicated, but the effects are 
continually varied by the powerful influence of the mind. 

There is not however any function in the animal ceconomy, 
upon which the fcience of chemiftry cannot throw fome 
light. If we confider them in the healthy ftate, we mall 
perceive that every organ produces fome change in the hu- 
mours it receives ; and though the chemifl may indeed be 
ignorant of the manner in which fuch changes are produced, 
it is by his art alone that the difference between the origi- 
nal fluid, and that which has been elaborated, can be as- 
certained. Befides which, the functions of the various or, 
gans are excrcifed upon external objects, and thefe objects 
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come under the confederation of chemiftry. We are at pre- 
fent, for example, acquainted with the nature of the air 
which ferves for refpiration, its effects on the lungs, and its 
influence on the animal ceconomy. We are even now able 
to determine whether any air be good or bad, and know how 
to correct that which is vitiated, Sec. We likevvife poffefi 
fome accurate ideas of the nutritive principle of certain fub- 
flances ; and chemiftry teaches us how to difpofc of the ref- 
pective aliments, and adapt them to the various circumilan- 
ces. The analyfis of waters is fufficiently perfect to admit 
ot our diftinguifhing the properties of that fluid relative to 
health, and to felect the beft for our own ufe : fo that, while 
the principle of life prefides over and governs all the internal 
operations of the human body by a mechanifm which is very 
imperfectly known to us, we fee neverthelefs that all the 
functions receive an impremon more or lefs direct from ex- 
ternal objects ; that all the materials ufed for the fupport of 
the machine are fupplied from without ; that the principle 
of life which collects and clifpofes of thefe materials, after 
laws unknown to us, is capable neither of choofing nor re- 
jecting them ; and that the functions would be very fpeedily 
altered, if chemiftry, founded on obfervation, were not care- 
ful to remove the noxious, and felect fuch bodies as are of 
advantage to the fyftem. Chemiftry therefore can do no- 
thing in the arrangement of the materials, but pofleffes un- 
limited power in their felection and preparation. 

When the organization is deranged, this defect of order 
can arife only from external or internal caufes. In the firft 
cafe, the analyfis of the air, the water, and the food, will 
afford accurate notions fuilicient to re-eftablifli the functions. 
In the fecond the chemical examination of the humours may 
aiFord information fufBcient to direct the phyfician in point- 
ing out the molt fuitable remedy. Sometimes the humours 
are decompofed in the body, as in vitro. We obferve all 
the phenomena of a degeneration and complete difunion of 
the principles which compofe the blood, in the fcurvy, 
cachexy, malignant fevers, &c. It feems as if, in fuch cafes, 
the vital principle abandoned the government, and left the 
folids and fluids to the deftructive action of external agents; 
in confequence of which they become decompofed in the 
fame manner a? theynfually do when fepa.rated from the body. 
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When the principle of animality is once extinguilhed, the 
fame caufes which maintained the functions, and whofe effects 
were modified by that principle of life, now aft with their 
whole energy on the body, and decompose it. Chemiflry 
has difcovered methods of extracting from thefe dead bodies 
a variety of fubftances of ufe in the arts and in pharmacy. 

Chemiflry is therefore applicable to the animal ceconomy 
in the ftate of health and in the Hate of ficknefs. 

The chemical art has marked the limits between vegetable 
and animal fubftances. Thefe laft afford ammoniac by pu- 
trefaction, while the fermentation of the former developes 
ardent fpirit. The latter leave a coal which burns eafily ; 
while the former become converted into a coal almofl in- 
combuftible. Animal matters contain much nitrogene, 
which may be difengaged by means of nitric acid. The in- 
terefting Memoirs of lvlerT. Berthollet and De I i 'curcroy on 
animal fubftance?, may be ccnfulted to great advantage. 



CKAP'IT.R I. 
Concerning Digeuion. 

JL HAT humour which is known by the name of 
the Gaftric Juice, is feparated by glands placed between the 
ttiembranes which line the ftomach ; and from thefe it U 
emitted into the ftoraacfr itfeif. 

In order to obtain the gaftric juice in a ftate of purity, the 
animals intended to furnifh it are kept fading for two d 
after which the ftomach is extracted. In this manner 
fanzani obtained thirty-feven ounces of riff-; juice out of the 
two ftrft ftomachs of a fheep. The fame naturaliit caufeel 
animals to fwallow thin tubes of metal, pierced with fcveral 
holes, into which he had put fmall fponges, very clean and 
dry. He caufed crows to fwallow eight at a time, which 
were vomited up at the end of three hours and a half. The 
juice which he obtained was yellow, tranfparent, fait, bitter, 
and leaving very little fediment, when the bird was fafting. 
The gaftric juice may likewife be procured by the vomiting 
which is excited by irritation during fafting. M. Scopoli 
has obferved that the molt fluid pan only is thrown up by 
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irritation ; and that the thicker part does not quit the fl<^ 
mach but by the ailiftance of an emetic. M. Goife, who had 
long accuftomed himfelf to fwallow the air, which anfwered 
the purpofe of an emetic with him, has; availed himfelf of 
this habit to make fome experiments with the gaftric juice. 
He fufpends his refpiration, receives air into his mouth, 
and pufhes it towards the pharinx with his tongue. This 
air, rarefied in his ftomach, produces a convulfive motion, 
which clears it of its contents. Spallanzani has obferved 
that eagles fpontaneoufiy emit a confiderable quantity of 
gaftric juice, when fading in the morning. 

We are indebted to Reaumur and the abbe Spallanzani 
for very interefting experiments refpecling the virtue and ef- 
fects of the gaftric juice m digeftion. They caufed animals 
to fwallow tubes of metal, perforated in various places, and 
filled with aliments, to examine their effects., The philofo- 
pher of Pavia ufed purfes of thread, and bags of linen and 
of woollen. He himfelf fwallowed fmall purfes filled with 
flefh boiled or raw, with bread mafticated, and alfo in its 
original flate, &c. and likewife fmall cylinders of wood, five 
lines in length and three in diameter, pierced with holes, 
and covered with cloth. 

M. Gofle, availing himfelf of the facility with which he 
was able to vomit by means of the air, has taken all kinds 
of food, and examined the changes they had undergone, by 
returning them at intervals more or lefs remote from the 
time of deglutition. 

Fvom thefe various experiments it follows — i. That the 
gaftric juice reduces the aliments into an uniform magma, 
even out of the body, and in 'vitro ; and that it acts in the 
fame manner on the ftomach after death : which proves that 
its effect is chemical, and almoft independent of vitality. 
2. That the gaftric juice effects the folution of the aliments 
included in tubes of metal, and confequently defended from 
any trituration. 3. That though there is no trituration in 
membraneous ftomachs, this action powerfully a flats the effect 
of the digeftive juices in animals whofe ftomach is mufcular, 
fuch as ducks, geefe, pigeons, &c. Some of thefe animals 
bred up with fufficient care that they might not fwallow 
ftones, have neverthelefs broken fpheres and tubes of metal, 
blunted lancets, and rounded pieces of glafs, which were 
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introduced into their ftomachs. M. Spallanzani has afcer- 
tained that flefh included in fpheres furlicitntly ftrong to re- 
fill the mufcular action, was completely digefted. 4. That 
the gaftric juice acts by its folvent power, and not as a fer- 
ment ; becaufe the ordinary and natural digeftion is attend- 
ed with no diiengagemen't of air, nor inflation, nor heat, 
nor in a word with any of the phenomena of fermentation. 

Mi Scopoli abfervps very well that nothing pofitive or cer- 
tain can be afTerted refpcciing the nature of the gaftric juice. 
It is fdraetimes acid and fometimes infipid. M. Brugnatelli 
has found in the gaftric juice of carnivorous birds, and fome 
©flfeers, a difeng'aged acid, a refm, and an animal fubftance, 
united with a fmall quantity of common fait. The gaftric 
juice of ruminating animals contains ammoniac, an extractive 
ariiffial fubftance and common fait. In our time the phof- 
phoric felts have been found difengaged in the gaftric juice. 

It appears, from the obfervations of Meflrs. Spallanzani 
and GoHe, that the nature of the gaftric juice varies accord- 
ing that of the aliments. This juice is conftantly acid 
when the diei: is vegetable. The abbe Spallanzani affirms, 
contrary to MefTrs. Brugnatelli and Carminati, that birds 
of prey have never afforded him an acid juice j and he af- 
firms the fame of ferpents, frogs, fifhes, &c. 

in order to mew clearly that there is a great difference 
between the gaftric juices of various animals, it is fufficient 
to obferve that the gaftric juice of the kite, the falcon, &c. 
does not diifolve bread, though it digefts flefh meat ; and 
that the gaftric juice c r the turkey, the duck, &c. has no ac- 
tion upon flefh, but converts the hardeft grain into a pulp. 

Meiiirs. Jurine, Toggia, and Canninati, have made the 
moft fuccefsful applications of the gaftric juice in the treat- 
ment of wounds. 



CHAPTER II. 
c mine - Mill. 



V^F all the animal humours, milk is beyond con- 
tradiction the Ieaft animaiized. It appears to partake of the 
nature of chyle ; it preferves the qualities and character of 

4 M 
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the aliments ; and for this rcafon we are induced to place 
it at the head of the humours of animal bodies. 

Milk is feparated in organs called breads or udders ; and 
though the clafs of animals with breads exhibits the greateft 
analogy in the internal conftruction of thefc organs, yet 
the milk varies in the feveral fpecies. In the human fpe- 
cies it is more faccharine ; in the cow, milder or fofter: the 
milk of the goat, and of the afs, are flightly aftringent; and 
it is for this reafon that they are ordered to be taken in dif- 
orders which have weakened and exhaufted the human 
frame*. 

Milk is the firft food of young animals. Their weak and 
feeble flomachs are incapable of digeftirig and aflimilating 
aliments afforded by the earth ; and nature has according- 
ly provided them a food more animalized, and confequently 
more analogous to their ftructure, until their increaied 
ftrength permits them to ufe a coarfer food. 

Hunter has obferved that all the animals which difgorge 
to feed their young, have glands in the flomach, which are 
formed during the incubation, and afterwards gradually ob- 
literated. 

Milk is in general of an opake white colour, and faccha- 
rine tafte. 

By attending to the various alterations it undergoes when 
left to itfelf, or when decompofed by chemical agents, we 
may arrive at a perfect knowledge of its nature. 

Milk expofed to the air is decompofed in a longer or 
fhorter time, according to the degree of heat of the atmof- 
phere. But if the temperature of the atmofphere be hot, 
and the milk in large quantity, it may pafs to the fpirituous 

* It feems moft probable that the pre-eminence ftill given to the milk of the aP, 
from no bttter reafon than the loud and fonorous voice of the animal, which, by a kind oi 
reafoning very common among the ancient phyfician.s, has led to a tonclulion that the milk 
of furh a creature muft be good for the lungs. The root fatyrion, the milk of the goat, and 
many other fubftances, forn.'tily ftood high in medical estimation, for real ns equally ob- 
vious and equally fupcrficial it rru<r not however be denied but that, when the pi (1 
of an exhaulted constitution becomes To far obedient to advice as rcguhrly to take afles n ilk, 
and attend to other circumftancts or regiiren, he may find himfell bem lit d ; and the afiei 
milk, merely as milk, fubftituted initead of lome leis friendly beverage or food, n.ay te 
sntitled to a lhare in the general effect. T. . 
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fermentation. Marco Polo, the Venetian who wrote in the 
thirteenth century, affirms that the Tartars drink mares 
milk, fo well prepared that it might be taken for white win?. 
Claude Strahelenberg reports that the Tartars extracl a vi- 
nous fpirit from milk, which they call Arki (Defcription de 
l'Empire de Ruffle). John George Gmelin, in his Voyage 
to Siberia, affirms that the milk is fuffered to become four, 
and is afterwards diflilied. 

M. Nicolas Oferetikowfky, of St. Peterfburgh, has pro- 
ved — i. That milk deprived of its cream cannot produce 
ardent fpirit, either with a ferment or without. 2. That 
milk agitated in a clofe velTel affords ardent fpirit. 3. That 
fermented milk lofes its fpirituous principle by heat, and 
paffes to the ftate of vinegar. — Journal dePhyf. 1779. 

Milk becomes four in the fu miner, and in three or four 
days the acid has acquired its ftrength. If the whey be then 
filtered, and evaporated to half, cheefe is depofited. If it be 
again filtered, and a fmall quantity of the tartareous acid be 
added, a quantity of fmall cryftals of tartar are feen to be 
formed in the courfe of an hour afterwards, which accord- 
ing to Scheele can (not) arife only from the fmall quantity 
of muriate potafh (in milk, but from an effential fait*) 
which milk always contain. 

To feparate the various principles contained in four 
whey, the following procefs may be ufed, which was point- 
ed out by the celebrated Scheele. 

Evaporate the four milk to one eighth. All the acid fepa- 
rates, and remains on the nitre. Pour lime water on the refi- 
due; an earth is precipitated, and the lime combines with the 
acid. The lime may be difplaced by the oxalic acid, which 
forms with it an infolubleoxalite, which fails down, and the 
acid of milk remains difengaged. The fluid is then to be e- 
vaporated to the confidence of honey, and upon this very 
pure alcohol is to be poured. The fugar of milk, and all the 
other principles, are insoluble, except the acid. The mafs 
being then filtered, the acid of milk may be feparated from 
its folvent by diftillation. This is the acid known by the 
name of Laciic Acid. It poffeffes the following characters. 

* The words in the parenthefes a;e addei, to render the text confor- 
mable to Schecle's Effay. T. 



594 Acid of Milk. 

i. When faturated with potafh, it affords a deliqucA 

fait, foluble in alcohol. 

2. With foda, a fait not cryftallizable, and foluble in al- 
cohol. 

3. With ammoniac, a deliqucfcent fait, which fufilrs mod 
of its alkali to efcape before the heat has deflroycd the acid. 

4. Barytes, lime, and alumine, form with it ialts which 
are deliquefcent. 

5. Magnefia affords fmall cryftals, which are refolved in- 
to a lienor. 

6. Bifmuth, cobalt, antimony, tin, mercury, filver, and 
gold, are not attacked by either hot or cold. 

7. It diflblves iron and zinc, and produces hydrogenous 
gas. The folution of iron is brown, and does not afford 
cryftals : that of zinc cryitallizes. 

8. With copper it aftumes a blue colour, which changes 
to ereen, and afterwards to an obfeure brown, without cryf- 
tallizing. 

9. When kept in digeftion upon lead for feveral days it 
diflblves it. The folution docs not afford cryftals. A light 
fediment of a white colour is formed, which Scheele conli- 
ders as a fulphate of lead. 

Whey not four contains a faline fubftance, known by the 
name of Sugar of Milk. Meffrs. Valgamoz and Lichten- 
ftein have defcribed the procefs ufed to obtain this faline 
fubftance. The milk is deprived of its cream in the ufual 
manner, and of its curd by rennet. It is then concentrated 
by evaporation till it has acquired the confiftence of honey, 
after which it is put into moulds, and dried in the fun. This 
is called Sugar of Milk in Cakes (fucre de lait en tablettes). 
Thefe cakes are diflblved in water, clarified with white of 
egg, evaporated to the confiftence of fyrup, and fet to cryf- 
tarfize in a cool place. It affords white cryftals in rhom- 
boidal paraiieiopipedons. 

Sugar of milk has a flightly faccharine tafte, infipid, and 
as it were earthy. It is foluble in three or four pints* of 
hot water. Mr. Rouelle obtained from twenty-four to 
thirty grains of afhes from one pound of this fait burned. 
Threefourths confifle ! of muriate of potafh, and the reft was 
carbonate of potafh. 

* By an overfight for parts. T. 
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Sugar of milk exhibits the fame appearances as fugar, 
either by diftillation, or on the fire. This fait*, treated 
with the nitric acid, afforded me three gros of oxalic acid in 
the month of July, 1787, {Memoir prefente a la Societe 
Royals des Sciences de Monipellier). Scheele obferved the 
fame fact nearly at the fame time. I obtained it in beauti- 
ful cry rials ; Scheele, in the form of a white powder.f 

If fix fpoonfuls of good alcohol be mixed with three pints 
of milk, and the mixture be expofed to heat in clofe veffels, 
with the attention to give, from time to time, a flight vent 
to the gas of the fermentation ; the milk is found, in the 
courfe of a month, to be changed into good acetous acid, 
according to Scheele. 

If a bottle be filled with frefh milk, and inverted beneath 
the furface of milk in an open veffel, and this be fubjected 
to a degree of heat a little exceeding that of fummer, at the 
end of twenty-four hours the milk is found to be coagulated; 
the gas which is developed difplaces the milk : a proof 

* The quantity of fait ufed is not put down. Scheele obtained five drachm? of acid of 
fugar in long cryftals, , by diftilling nitrous acid from twelve ounces ot fugar of milk 
and fevenMrachms and a half of the peculiar acid of sugar of milk in a white powder. 
The memoir of Scheele is dated 17S0. T. 

-f- I do not fee by what overfight it is that our ingenious author feems to confife the two 
falts together, which are afforded by treating the ,fagar of milk with nitrous acid. One, as 
obferved in the preceding note, is the oxalic o faccharine acid, and the other the acid of 
fugir of milk The properties of the Jail (Scheele's Effays, London, 17S6,) are the fol- 
lowing: 

I. It is combustible like oil in a red-hot crucible, without leaving any mark of afhes be- 
hind. 2. Sixty parts af boiling water, or eighty of cold water, are required to difTolve it. 
3. Its tafte is fourifh, it reddens tincture of litmus, and effervefces with chalk. 4. By 
dettrucYlve diftillation it melts, grows black, froths very much ; a hrown fait, fmelling like 
a mixture of flowers of benzoin and acid of amber, fublimes ;a brown liquid, v/ithout any 
appearance of oil, comes over into the receiver, and is found to contain fome of the fame 
kind of fait as was fublimed. The fublimed fait is acid, eafily foluble in ardent fpirit, but 
more difficultly in water, and burns in the fire with a flame. 5. Withall the foluble earths 
it forms falts inibluble in water. 6. With vegetable alkali it forms a perfectly neutral 
cryftallizable fait, foluble in eight times its weight of boiling water, and Separable for the 
moft part by cooling. 7. With mineral alkali it forms a fait which requires only five parts 
of boiling water for its folution. 8. With volatile alkali it forms a fait which, after being 
gently dried, has a fourifh tafte. 9. It does not perceptibly aft on the metals ; but forms, 
with their calces, falts of very difficult folubility, which therefore fall down. T. 
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according to Scheele, that the vinous fermentation has ta- 
ken place. 

To decompofe milk, and feparate its various conflitucnt 
parts, rennet, or the milk turned four in the ftomach of 
calves, is commonly made ufe of. For this purpofe the milk 
is warmed, and twelve or fifteen grains of rennet is added to 
each pint. Gallium, the flowers of thiftle or artichokes, 
and the internal membrane of the ftomach of birds dried, 
and reduced to powder, &c.are among thefubftances which 
may be ufed to turn milk. The whey obtained in this man- 
ner is turbid ; but may be clarified by boiling it with white 
of egg, and fubfequent filtration. 

On the mountain of Larzac I have fecn the dairy woman 
plunge her arms up to the elbows in the milk, and change 
their place from time to time. This was done with a view 
to haflen the feparation of the principles ; and it is probable 
that the heat, and perhaps certain emanations from the arm 
itfelf, might favour that effect. 

The folid mafs which feparates from whey, contains two 
other fubftances very mterefting to be known ; namely 
cheefe and butter. 

If any vegetable or mineral acid be put into milk, a coa- 
gulation follows as is well known. The only difference is, 
that the mineral acid affords lefs cheefe or curd than the ve- 
getable ; and the various fubftances ufed to coagulate milk, 
may perhaps act merely by virtue of the acid they contain, 
is B irrichius obtained no acid from curdled milk at a de- 
gree ot heat incapable of decompofmg it. The coagulum 
which is afforded in all thefe cafes, contains a fubftance of 
the nature of gluten, which forms the cheefe ; and another 
ance of the nature of oils, which forms the butter. 
When cheefe is prepared for the table, the butter is not fe- 
parated, becaufe it renders it milder and more agreeable. 

The cauftic alkalis diffolve cheefe by the affiftancc of heat. 
But it is not held in folution by an alkali in milk. 

If one part of cheefe newly feparated, and not dried, be 
mixed with eight parts of water (lightly acidulated by a mi- 
neral acid, and the mixture be boiled, the cheefe will be 
diffolved, though it would not have been fenfibly a&ed on 
by a ■ . cid. This is the caufe why the vegetable 

--ids a ' h greater quantity of curd from the 

*arac nineral acids do. 
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The caufe why falts, gums, fugar, &c. coagulate milk, 
may be deduced from the greater affinity of the water with 
thefe bodies than with the cheefe. 

The earth of cheefe is a phofphate of lime, according to 
Scheele. 

No fubiiance has a (Ironger refemblance to cheefe than 
the white of egg boiled. White of egg is diffolved in dilu- 
ted acid, and alfo in cauflic alkali, and in lime-water, and is 
precipitated from them by acids. 

Scheele thinks that the coagulation of white of egg t 
lymph, and cheefe, is owing to the combination of caloric ; 
and he proves his opinion as follows : — Mix one part of 
white of egg with four parts Gf water ; pour in a fmall quan- 
tity of pure alkali ; add as much muriatic acid as is necef- 
fary to faturate it, and the white of egg will coagulate. In 
this experiment there is a change of principles. The heat 
of the alkali combines with the white of egg, and the al- 
kali with the muriatic acid*. 

Ammoniac diffolves cheefe more effectually than fixed al- 
kalis. If a few drops be poured into coagulated milk, it 
quickly caufes the coagulum to difappear. 

Concentrated acids likewife diifolve it. Nitric acid dif- 
eno-ages nkroyene. 

The curd dried, and placed in a proper fituaiion to un- 
dergo a commencement of the putrid fermentation, acquires 
confidence, tafte and colour. In this (late it is ufed at ta- 
ble by the name of Cheefe. 

At Roquefort, where I have attended the manipulations 
of the excellent cheefe which is made there, care is taken to 
prefs the curd well, in order to expel the whey, and to dry 
it as accurately as poffible. After this it is taken into caves, 
where the temperature is two or three degrees above 0. The 
fermentation is developed by a fmall quantity of fait. The 



* The reafoning of Scheie is more fully this : — Heat coagnLtes white of eg", without 
diminishing its wji^ht : whence he concludes coagulated whit; of egg to be a combination 
of heat with white of egg. Acids exptrl heat from caulk alkalis when they combine with 
th«rh, but none from mild alkalis. A very dilute alkali is ufed 'in this experiment, that 
the temperature may njt beraifcri, and neverthelefs the effect takes place ; but it does not 
when a mild alkali is ufed. Whence he concludes that the heat of the cauftic alkali, in- 
ftead of being employed to raife the temperature, has entered into combination with the 
white of egg, and coagulated it. T. 
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putrefaction is fufpended by fcraping the furface from time 
to time ; and the fermentation thus governed by art, and 
kept under by the coolnefs of the caves, produces a flow ef- 
fect upon all the cheefe, and fucceffively developes the red 
and blue colours, of which 1 have given the etiology in a 
Memoir on the Fabrication of Cheefe at Roquefort, pre 
ed to the Royal Society of Agriculture, and printed in the 
fourth volume of the Annalcs Ch'nniques*. 

Butter is the third principle contained in milk, ll is fe- 
parated from the fcum and the cafeows matter by rapid 
agitation. The fubftance called cream is a mixture of cheefe 
and butter which floats on the top of the milk. Violent agi- 
tation converts this into froth; in which date it is Called 
•whipped cream. 

Butter has a foft confidence, is of a yellow golden colour 
more or lefs deep, of a mild agreeable flavour, melts eafily, 
and becomes folid again by mere cooling. 

Butter is eafily changed, and becomes rancid like oils. 
The acid which is developed may be carried off by water, 
or by fpirit of wine, which diffolve it. Fixed alkali diffolves 
butter, and forms a foap little known. 

Diftillation affords a coloured concrete oil from butter, 
and a flrong pungent acid. This oil, by repeated diftilla- 
tion, becomes altered, and refembles volatile oils. 

Milk is therefore a mixture of oil, lymph, ferum, and fait. 
This mixture is weakly united, and the union ri the 

principles is eafily deflroyed. Milk is faid to be ft ) ned when 
the difunion of its principles is effected by mere repole ; but 
when this feparation is made by re-agents, it is laid to be 
cur die d\ or coagulated. 



CHAPTER III. 
the Blood. 



B 



^JLOOD is that red humour which circulates in 
the human body by means of the arteries and veins, and 
fupports life by fupplying all the organs with the peculiar 

* It is in the fourth volume of the A mxe that the author hat iufcrtcd an ex- 

tra&from this excellent Memoir 01 1.1. ■ , r ■ , v 

+ Lait tourni and h .,, ^hh:...wn fcarctiy obtains in the En;r.ih language. T. 
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juices they demand. It is this humour which receives the 
product of digeftion from the ftomach, which it elaborates 
and animalizes. This humour is with reafon confidered as 
the focus of life. The difference of temperaments with re- 
gard to the paffions, has been attributed to it by all the phi- 
lofophers who have treated this fubjed. It is in vain that 
phyficians have changed their fyftem ; for the opinions of the 
people have been lefs verfatile, and they have continued to 
attribute all the fhades of temperament to the modifications 
of the blood. It is likewiie to the alterations of this humour 
that phyficians have for a long time afcribed the caufe of al- 
moit every malady. It is more efpecially entitled to the 
attention of the chemift. 

The blood varies in the fame individual, not only with 
regard to the date of health, but likewife at the fame in- 
ftant. The blood which circulates through the veins has 
not the fame intenfity of colour, nor the fame confidence, as 
that of the arteries ; that which flows through the organs 
of the bread differs from that which paffes languidly through 
the vifcera of the lower belly. 

The blood differs alfo — 1. according to the age. In 
infancy it is paler and lefs confident. 2. According to the 
temparament. Sanguine perfons have the blood of a vermi- 
lion red ; in the phegmatic it is paler ; and in the choleric 
it is more yellow. 

The temparature of the blood is not the fame in the feve- 
ral fpecies of animals. Some have tbe blood hotter, and 
fome colder than the medium in which they live. Animals 
with lungs have the blood redder and hotter than thofe 
which are without that organ; and the colour and heat are 
in proportion to the extent and perfection of the lungs, as 
M. Buffon and Brouffonet have obferved. 

The blood putrefies by a gentle heat. If it be didilled on 
the water-bath, it affords the phlegm of a faint fmell, which 
eafily putrefies. Blood dried by a proper heat, effervefces 
with acids ; if expofed to the air, it attracts humidity ; and 
at the end of feveral months a faline efHoi efcence is formed, 
which Rouelle has afcertained to be foda. If the diftillation 
of blood be carried farther, the product is acid, oil, carbo- 
nate of ammoniac, &c. A fpongy coal remains in the retort, 
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of very difficult incineration, in which are found fea fait, 
carbonate of foda, iron, and phofphate of lime. 

Alcohol and the acids coagulate the blood ; alkalis ren- 
der it more fluid. 

But if the blood received in a mallow bafon be obferved, 
the following alterations are feen : — It firfl becomes divided 
into two very diflincl: fubltances, the one liquid, flightly 
greenifh, and called lymph, or ferum ; and the other red- 
difli and folid, called the fibrous part of the blood. It is 
this fepararion of the blood which has caufed the exigence 
of polypi in the larger veffels to be credited, becaufe concre- 
tions have been found in thofe veffels after death. We 
will feparately examine thefe two fubftances. 

Serum has a yellow colour, inclining to green. Its tade 
is flightly faline. It contains a difengaged alkali, turns fy- 
rupof violets green, and hardens in a moderate heat, which 
i? the character of the lymph. Serum diftilled en a water- 
bath affords an infipid phlegm, neither acid nor alkaline, 
but very readily putrefying-. When this phlegm has paffed 
over, the refidue is tranfparent like horn, no longer folu- 
ble in water, and affording by diftillation an alkaline phlegm, 
carbonate of ammoniac, and a fetid blackifh oil more or lefs 
thick ; the remaining coal in the retort is very voluminous, 
and very difficult to incinerate ; the allies afford muriate of 
foda and phofphate of lime. 

Serum eafily putrefies, and then affords much carbonate 
of ammoniac. 

Serum poured into boiling water coagulates ; but it con- 
tains a part which is foluble in water, to which it commu- 
nicates a milky colour, and all the properties of milk, ac- 
cording to Boucquet- 

Alkalis render the ferum more fluid, but acids coagulate 
it. By filtering and evaporating the fluid, a neutral fait is 
obtained, confiding of the acid employed, and foda. It 
appears therefore that the lymph is kept in the liquid ftate 
by the predominating alkali. 

The thickened ferum affords mephitis by the nitric acid, 
affined by a flight heat; if the fire be incrcafed, nitrous 
gas is difengaged: the refidue affords the oxalic acid, and a 
portion of malic acid. 

Serum is coagulated by alcohol ; but the coagulum is fo- 
luble in water, and in this it differs much from the coaerulum 
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formed by acids : this difference depends on thecircumftance 
that the alcohol feizes the water which diluted the ferum ; 
whereas the acid feizes the alkali which diffolved it. 

The clot or fibrous part of the blood likewife contains 
much lymph ; but this may be difengaged by wafhing. 
The water at the fame time carries off the colouring matter, 
which contains much iron : and this coagulated part, when 
well warned, forms a fibrous white fubftance voidoffmell; 
which, diitiiled on the water-bath, affords an infipid phlegm, 
eafily fufceptible of putrefaction. The refidue becomes ve- 
ry dry, even by a gentle heat ; when fuddenly expofed to 
a confiderable heat, it fhrinks up like parchment ; but when 
diftilled in a retort it affords an alkaline phlegm, carbonate 
of ammoniac, oil, &c. The coal, which is lefs voluminous 
and lighter than that of lymph, affords the phofphate of 
lime by incineration. 

The fibrous part putrefies with confiderable quicknefs, 
and affords much ammoniac. 

The alkalis do not diffolve it, but acids combine with it. 
The nitric acid difengages much nitrogene, and afterwards 
diffolves it with effervefcence, and difengagement of nitrous 
gas. The refidue affords oxalic acid, and a fmall quantity 
of the malic acid. 

This fibrous fubftance is of the nature of the mufcular 
fibre, which caufed Bordeu to call the blood fluid flefh: and 
long before the time of this celebrated phyfician, Paul Zac- 
chia afferted that " caro nihil aliud eft quam fanguis con- 
cretus" (Queft. Legalis, p. 239). This fibrous matter is 
more annualized than the lymph ; and it appears to be pre- 
pared by the very act of circulation to concur in augment- 
ing the parts of the human body. 

Blood contains much iron. The experiments of Men- 
ghini, Bocquet, and Lorry, prove that this metal is capa- 
ble of pafiing into the blood by the firft paffages, fmce pa- 
tients who are under a courfe of martial medicine void it by 
the way of urine.- When the coagulated part of the blood 
has been wafhed, if that part which has retained the colour- 
ing matter be burned, and the coal lixiviated, the refidue 
of this lixivium is in the ftate of faffron of mars, of a fine 
colour, and ufually obedient to the inagn.t. 
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The colour of the blood has been attributed to Iron ; and 
it is very true that the colour appears to be entirely formed 
of it, for there exifts no veftige of this metal in the warned 
and difcoloured coagulum : but as, on the other hand, the 
blood does not become coloured without the concourfe of 
air, and as oxigene alone is abforbed in refpiration, it appears 
that the colour is owing to iron calcined by the pure air, and 
reduced to the ilate of red oxide. 

From this manner of conceiving the phenomenon, we 
may perceive why animal fubflances are fo advantageous in 
affifting and facilitating the red dye, and why thefe fubflan- 
ces take colours more eafily. 
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CHAPTER IV. 
Concerning- Fat. 



AT is a condenfed inflammable juice contained in 
the cellular membrane : its colour is ufually white, but 
fometimes yellow; its tafte infipid; and its confidence more 
or lefs firm, in the various fpecies of animals. In cetaceous 
and other fifh, it is nearly fluid ; in carnivorous animals the 
fat is more fluid than in frugivorous animals, according to 
Mr. De Fourcroy. In the fame animal it is more folid 
near the kidneys, and under the fkin, than the in vicinity of 
the movable vifcera ; as the animal grows old, the fat be- 
comes yellow, and more folid. Confult De Fourcroy. To 
obtain fat in a liate of purity, it is cut into fmalL pieces ; the 
membranes and fmaller veffels are feparated ; it is warned 
then fufed with a fmall quantity of water, and kept in fu- 
fion until all the. water is evaporated. This laft fluid which 
a floats above it, boils ; and when the ebullition ceafes, it is 
a proof that all the water is diflipated. 

Fat has the greatefl analogy with oils. Like them it 
is not mifcible with water ; it forms foaps with alkalis ; and 
burns in the open air, by the contact of an ignited fub- 
ftance, at a fufficient heat. 

Neumann treated the fat of the goofe, of the hog, of the 
fheep and of the ox, in a glafs retort by a graduated fire. He 
obtained phlegm, an empyreumatic and brownifh oil, and a 
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brilliant coal. He concludes from his analyfis that there is 
little difference between fats ; and that of the ox ap- 
pears only to contain a little more earthy matter. This vt- 
ry imperfect analyfis throws no light on the nature of fat ; 
and we are indebted to Meffrs. Segner and Crell for expe- 
riments of a much more interefling kind. We mall relate 
the chief. 

1. Beeffuet diftilled on the water-bath, in a glafs retort, 
affords oil and phlegm ; it forms foaps with potam : the red- 
difh phlegm has an acid tafte ; effervefces with alkali, with- 
out reddening the fyrup of violets, which affumes a brown 
colour by this mixture. 

2. The marrow of beef affords the fame products, ex- 
cepting that a fubflance firft paffes over of the confidence of 
butter. The phlegm has no fmell when cold. Fixed alka- 
li occafions a weak effervefcence. 

Mr. Crell has inftructed us in the means of obtaining a 
peculiar acid from fat, which is at prefent diftinguifhed by 
the name of the Sebacic Acic. 

He at firft attempted to concentrate this acid by diflilling 
off the phlegm ; but this did not fucceed, for the liquid in 
the receiver was as acid as that in the retort. He then fatu- 
rated all the acid with potam, and obtained abrownifh fait 
by evaporation, which he fufed in a crucible, to burn the oil 
which contaminated it. This fait, by folution and evapora- 
tion, afforded a foliated fait. He poured four ounces of ful- 
phuricacid upon ten ounces of the fait, and diftilled by avery 
gentle fire. The febacic acid paffed over in the form ol a 
greyifh vapour ; and half an ounce, very fuming and acrid, 
was found in the receiver. Crell obferves that, in order to 
fucceed in this operation, the fait mud be kept a long time 
in fufion, without which the acid would be mixed with oil, 
which weakens its virtue. 

By diflillation of fat in a copper alembic, Mr. Crell ob- 
tained the pure acid. But the fire neceffary for this pur- 
pofe alters the veffel, caufes the tin to run olf, and the acid 
itielf becomes charged with copper. 

It has long been known that the alkalis form a kind of 
foap with animal fat. Mr. Crell, by treating this foap with 
a folution of alum, feparated the oil, and obtained the fe- 
bate of potafh by evaporation : the fulphuric acid after- 
wards diftilled from this fait, decompofes it ; and by this 
m e ans. .th e . febacic acid is. fep.ar.ated. 
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Mr. De Morveau melted fuet in an iron pot ; and to this 
he added pulverized quicklime, taking care to ftir it conti- 
nually at the commencement ; at the end of the operation, a 
confiderableheat was applied, taking care to raifethe veffels, 
in order to avoid expofure to the vapours. When the whole 
was cold, it was found that the fuet had no longer the fame 
folidity. This was boiled in a large quantity of water ; and 
the lixivium, after filtration, afforded a brown acrid fait, 
which is the febatc of lime. This fait is foluble in water 
but would require too much time to purify it by repeated 
cryflallizations. This purpofe is more eafily anfwered by 
expofing it to a degree of heat capable of burning the oil; 
after which, a fingle folution is fufficient to purify it. It 
leaves its oil upon the filtre in the ftate of coal ; and nothing- 
more is then neceffary than to evaporate it. 

The folution ufually contains a fmall quantity of quick- 
lime, which maybe precipitated by the carbonic acid. This 
fait treated in the fame manner as the febate of potafh, af- 
fords the febacic acid. 

This acid exifts ready formed in fuet : two pounds afford- 
ed fomewhat more than feven ounces to Crell. It exifts 
ready formed in the fat, fince earths and alkalis difengage it. 

It has the greateft affinity with the muriatic acid, as it 
forms with potafh a fait which melts in the fire without be- 
ing decompofed ; it acts powerfully on gold, when mixed 
with the nitric acid ; it precipitates filver from the nitra^ 
filver it forms a fublimate with mercury, and the folui 
of this fublimate is not rendered turbid by the muriate of 
foda. But though this acid approaches the muriate in fe- 
veral refpe6ls,it differs from it in others, and hitherto feems 
to be nothing but a modification of that acid. With foda, 
it forms cryftals in needles, and a cryftallized fait with lime. 
It decompofes common fait, &c. 

Mr. Crell obtained the acid of fat by diftillation from the 
butter of cacao. Spermaceti likewife affords it. 

The properties of this acid arc the following : 

It reddens blue vegetable colours. 

It affumes a yellow colour by fire, and leaves a refiduc, 
which announces a partial decompofition. From this cir- 
cumflance, Mr. Crell confiders it as occupying the middle 
fpace between the vegetable acids which are deftroyed by 
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fire, and the mineral which receives no alteration. Its exig- 
ence in the butter of cacao, and in fats, is favourable to the 
notion of Crell on this fubjeft. 

It attacks the carbonates of lime and alkali with efferve- 
fcence, and with them for the falts which Bergman finds to 
be very fimilar to the acetites with the fame bafis. 

This acid, a Mr. De Morveau obferves, feems to have 
fome action upon glafs. Mr. Crell having digefted it feve- 
ral times upon gold, always obtained a precipitate of white 
earth, which was not lime, but which he prefumes to have 
been carried up in the diftillation, and could only arife from 
the retort itfelf. 

This acid does not perceptibly a& on gold : but it attacks 
the oxide, and forms a cryftallizable fait, as it does likewife 
with the precipitates of platina. 

It unites with mercury and with filver ; yielding the lat- 
ter to the muriatic acid, but not the former : it takes both 
from the fulphuric acid, lead from the nitric and acetous 
acids, and tin from the nitro-muriatic acid. 

It attacks neither bifmuth, cobalt, nor nickel. 

It does not decompofe the fulphates of copper, of iron, 
or of zinc ; nor the nitrates of arfenic, manganefe, zinc, &c. 

It reduces the oxide of arfenic by diftillation. Crell form- 
ed a febacic ether. 

From this analyfis it appears that fat is a kind of oil or 
butter rendered concrete by an acid, 

It ufes are — 1. To keep up the heat of the body, and 
defend the vifcera from the impreflion of external cold. 2. 
To ferve as nourifhment or fupport for the animal on the 
occafions of want, ficknefs, &c. 
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CHAPTER V. 
Concerning the Bile. 



HE Bile is one of thofe humours which it is ef- 
fential to know, on account of the influence and effect it has 
both in the ftates of health and diforder. We mall even 
fee that its analyfis is fufficicntly perfect to afford inftruc- 
tion in an infinity of cafes. 



6o6 Djjlillalion and 

This humour is feparated in a large vifcus of the lower 
belly, called the Liver ; it is afterwards depofited in a blad- 
der, or refervoir, called the Gall Bladder ; from which it is 
conveyed into the duodenum by a particular channel. 

The bile is glutinous, or imperfectly fluid, like oil ; of a 
very bitter taile ; a green colour, inclining to yellow ; and 
froths by agitation like the folution of foap. 

If it be diililled on the water-bath, it affords a phlegm, 
which is neither acid nor alkaline, but putrefies. This 
phlegm, according to the obfervation of Mr. De Fourcroy, 
often emits a fmell refembling that of mufk : bile itfelf has 
the fame property, according to the general obfervation of 
butchers. When the bile has given out all the water it is 
capable of affording upon the water-bath, the refidue is a 
dry extract, which attracts the humidity of the air, is tena- 
cious, pitchy, and foluble in water. By dillillation in a re- 
tort, it affords ammoniac, an empyreumatic animal oil, con- 
crete alkali, and inflammable air. The coal is more eafily 
incinerated than that we have laft treated of. It contains 
iron, carbonate of foda, and phofphate of lime. 

All the acids decompofe bile ; and difengage an oily fub- 
flance, which rifes to the top. The falts afterwards obtain- 
ed by evaporation, have foda for their bafis ; which fhews 
that the bile is a true animal foap. The oil which is com- 
bined with foda is analogous to refms, is foluble in fpirit of 
wine, &c. 

The metallic folutions decompofe bile by double affinity, 
and produce metallic foaps. 

Bile unites with oils, and cleans fluffs in the fame manner 
as foap. 

Bile is foluble in alcohol, which feparates the albuminous 
principle. It is this laft laft fubflance which renders bile co- 
agulable by fire and by acids; audit is this likewife which 
Ibailens its putrefaction. 

The conftituent principles of bile are, water, a fpiritus 
rector, a lymphatic fubflance, a refinous oil, and foda. Mr. 
Cadet has found a fait in it, which he thought fimilar to 
fugar of milk ; this fait is probably no other than that which 
was difcovered by Mr. Poulletier. 

Bile is therefore a foap, refulting from the combination 
of foda with a matter of the nature of rcfins, and a lymphatic 
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fubflance, which renders it fufceptible of putrefa&ion and 
coagulation. This fubftance gives the bile the character of 
animalization, diminifhes its acridity, and favours its mix- 
tare with the other humours. The faline part renders the 
bile more fluid and foluble in water ; and it is more acrid 
the more this principle abounds. 

The refinous part differs from vegetable refms — I. Be- 
caufe thefe do not form foap with fixed alkalis. 2. Becaufe 
they are more acrid and more inflammable. 3. Becaufe the 
animal refin melts at the temparature of 40 degrees, and ac- 
quires a fluidity fimilar to that of fat ; from which however 
it differs in not being foluble in acohol, in which refpect it 
approaches to fpermaceti. 

The acids which aft upon bile in the firft paffages, decom- 
pofe it. The greenifh yellow colour of the excrements of 
infants at the bread, arifes from a fimilar decompofition ; 
and it is the refinous part which tinges them. From the 
adion of the bile upon acids, we may deduce the effect of 
thefe remedies when the evacuations are putrid, and the 
degeneration of the bile is feptic. The lymph is then coa- 
gulated, and the excrements become harder. This fhews 
the reafon why the excrements of infants are fo frequently- 
clotted. 

When the bile remains a long time in the firft paiiages, 
as for example in chronical diforders, it affumes a black co- 
lour, becomes thick, acquires the confidence of an unguent, 
and forms a liming of feveral lines in thicknefs in the intefti- 
nal canal, according to the obfervation of Mr. DeFourcroy, 
When fmeared on paper, and dried, it becomes green ; di- 
luted with water, it forms a tincture of a yellowgreen colour, 
from which a large quantity of black fcales are precipitated : 
with alcohol it likewife forms a black tincture, and depofits 
that "laminated brilliant fait difcovered in biliary calculi by 
Mr. Poulletier de la falle. This humour, which forms the 
atra bills of the ancients, is nothing but the bile rendered 
thick ; and in this cafe the erFed of acids, and the danger 
of irritating fubftances, may be eafily accounted lor. This 
thickening of the bile clogs the vifcera of the lower belly, 
and produces obftru&ions. 

Many diforders are referable to the predominant charac- 
ter of tb^ bile. On this fubjeft, the interefting Memoirs of 
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Mr. Dc Fourcroy may be confulted, in the collection of 
the Royal Society of Medicine for the years 1782 and 1783. 

When the bile becomes thick in the gall bladder, it forms 
the concretions called biliary calculi. Mr. Poulletier has 
paid great attention to the analyfis of thefe ftones. He has 
obferved that they are foluble in ardent fpirit. When the 
folution is left to irfelf for a certain time, brilliant and light 
particles are feen in it, which Mr. Poulletier found only in 
the human calculi, and which appeared to him to have the 
greateft analogy with the fait of benzoin. 

Mr. De Fourcroy has obferved that the difcovery of Mr. 
De la Salle has been confirmed by the Royal Society (of Me- 
dicine), which has received feveral biliary calculi that appear- 
ed to be formed by a fait analogous to that which was ob- 
ferved by this chemift. They confift of maffes of tranfpa- 
rent crystalline plates, fimilar to mica or talc. The fociety 
of Medicine poflefles in its collection a gall bladder entirely 
filled with this faline concretion. 

We may therefore, as Mr. De Fourcroy obferves, ad- 
mit of two kinds of calculi ; the one are opake, and are 
afforded only by the condenfed bile ; the others confift of 
the cryftals we have defcribed. 

Boerhaave obferved, long fince, that the gall bladder of 
oxen, at the end of the winter, was filled with calculi, but 
that the frefh pafturage diffipated thefe concretions. 

Soaps have been propofed as folvents for thefe calculi. 
The academy of Dijon has publifhed the fuccefs of a mix- 
ture of effence of turpentine and ether. Frefh vegetables, 
which are fuch fovereign remedies in deflroying thefe con- 
cretions, owe their virtue perhaps to the circumftance that 
they develope an acid in the flomach, as we have obferved 
in treating of the gaflric juice. 

The ufe of the bile, in the animal ceconomy, confifts, no 
doubt, in dividing thofe fubflances which have undergone a 
firft digeftion in the flomach ; and giving an efficacy and 
force to the motion of the intefiines. When its flux is inter- 
rupted, it abounds in the blood, and the whole body be- 
comes of a yellow tinge. 

The bile or gall is an excellent vulnerary externally ap- 
plied : internally taken, is is a good ftomachic, and one of 
the bed deobftruents the art of medicine poffefies. This 
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kind of remedies deferves the preference, as being more 
analogous to the conftitution; and bile is a proper medicine 
when the digeflion languifhes, or the vifcera of the lower 
belly are clogged. 

Bile, like other foaps, removes fpots of oil, or other 
greafy matter, from fubliances to which they are adherent. 



€MAP. VI. 
Concerning the Soft and White Parts of Animals. 

X HESE parts are perhaps lefs known than thofe of 
which we have juft treated ; but their analyfis is not lefs in- 
terefting : we may even affirm that it is more fo ; becaufe 
the application of the knowledge we may acquire on this 
fubjecl:, will daily prefent itfelf in the commoneft purpofes of 
domeflic life. 

All the parts of animals, whether membranes, tendons, 
aponeurofes, cartilages, ligaments, or even the fkin and 
horns, contain a mucous fubftance very foluble in water, 
but not in alcohol, and known by the name of Jelly. No- 
thing need be done to obtain it, but to boil thefe animal fub- 
liances in water, and concentrate the decoction, until by 
mere cooling it aiiumes the form of a folid tremulous mafs. 

Jellies are very common in our kitchens : and the cooks 
are perfectly well acquainted with the methods of making 
them, and of giving them folidity when the temperature of 
the atmofphere is very hot. This Jelly of hartshorn isex- 
tracted by a fimilar operation, and afterwards rendered white 
with the miik of almonds. . This kind of food,duly icented, 
is ferved up at our tables by the name of blanc manger. Jel- 
lies are in general reftorative and nourifhing : that of harts- 
horn is aftringent and emollient. 

Jellies in general have no fmell in their natural ftare, and 
their tafte is mfipid. By diftillation they afford an infipid 
and inodorous phlegm, which ealily putrefies. A flronger 
heat caufes them to fwell up, become black and emit a fetid 
odour accompanied with white acrid fumes. An alkaline 
phlegm then paffes over, fucceeded by an empyreumatic oil, 
and a little carbonate of ammoniac. A fpongy coal remains 
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which is with difficulty reduced to afhes, and affords by ana- 
lyfis muriate offodaand phofphate of lime. 

JelLy cannot be kept above a day in the lu miner, or two 
or three in the winter. When it becomes fpoiled, while 
livid fpots are formed on its furface, which fpeedily extend 
to the bottom of the pots. A large quantity of nitrogenous, 
hydrogenous, and carbonic gas is emitted. 

Water diffolves jellies perfectly. Hot water diflblves a 
large quantity, as they become confident only by cooling. 
Acids likewife diflblve them, and alkalis more efpecially do. 

The nitric acid difengages nitrogene gas, according to the 
fine experiments of M. Berthollet. 

When jelly has been extracted without long decoction, 
and has no lymph mixed with it, it then poffeffes moil of 
the characters of the vegetable jelly : but it is feldom ob- 
tained without a mixture of lymph ; and in this cafe it effen- 
tially differs from the vegetable Jellies, in affording nitro- 
cene gas and ammoniac. 

If Jelly be concentrated to fuch a degree as to give it the 
form of a cake, it is deprived of the property of putrefying ; 
and by this means the dry or portable foups are formed. 
The following is a receipt for preparing thefe cakes : 

Calves feet 4 

Leg of beef 12 pounds. 

Knuckle of veal 4 pounds. 

Leg of mutton 10 pounds, 

Thefe are to be boiled in a fufficient quantity of water, 
and the fcum taken off as ufual ; after which the foup is to 
be feparated from the meat by if raining and preffure. The 
meat is then to be boiled a fecofid time in other water ; and 
the two deco&ions, being added together, muft be left to 
cool, in order that the fat may be exacty feparated. The 
ibup muft then be clarified with five or fix whites of eggs, 
and a fufficient quantity of common fait added. The liquor 
is then (trained through flannel, and evaporated on the wa- 
ter-bath to the confidence of a very thick pade ; after which 
it is fpread rather thin upon a fmooth done, then cut into 
cakc:s, and laftly dried in a dove until it becomes brittle : 
thefe cake* arc kept in well clofed bottles. The fame pro- 
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eefs may be ufed to make a portable foup of the flefh of 
poultry ; and aromatic, herbs maybe ufed as a feafoning, if 
thought proper. 

Thefe tablets or cakes may be kept four or five years. 
When intended to be ufed, the quantity of half an ounce is 
put into a large glafs of boiling water, which is to be cover- 
ed, and fet upon hot afhes for a quarter of an hour, or un- 
til the whole is entirely diffolved. It forms ax\ excellent foup, 
and requires no addition but a fmall quantity of fait. 

The cakes^of hockiac, which are prepared in China, and 
are known in France by the name of colic de peu (fane, are 
made with animal fubltances. They are ufed in diforders 
of the lungs, in a dofe from half a dram to two drams. 

The nature of the fubltances made ufe of, and the method 
of operating, produce fome difference in thefe products. 
Old or lean animals afford in general better glue than the 
young and fat. For ?. full account of the art of making 
glue, confult UArt dcfaire diffcrentes Efpeces dc Colle, par 
M. Duhamel de ■ Monceau, de /' Academic des Sciences. 

i. To make the ftrong or Englifh glue, the parings of 
leather, the fkins of animals, with the ears of oxen, calves, 
fheep, &c. are ufed. Thefe matters are fir ft digefted in wa- 
ter, to penetrate the texture of the fkins ; they are after- 
wards fteeped in lime water, taking care to ftir and agitate 
them from time to time ; they are then laid in a heap for 
fome time, afterwards warned, and the fuperabundant water 
preffed out by a prefs. Thefe fkins are then digefted in 
water gradually heated to ebullition. The liquor is after- 
wards poured out, and feparated with preffure. Laftly, it 
is thickened by evaporation of the water by heat, and pour- 
ed on flat polifhed itones or into moulds, and left to dry and 
harden. 

This glue is brittle. It is foftened by heating it with a 
fmall quantity of water for ufe, and is applied with a brufh. 
Carpenters and cabinet-makers ufe it to fallen pieces of wood 
together. 

2. The glue of Flanders is merely a diminutive of the 
ftrong glue. It has not the fame confiftence, and cannot 
be ufed in glueing wood ; it is thinner and more tranfparent 
than the former, it is made with a more accurate choice of 
materials, and with greater care. It is ufed by defigners. 
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Mouth glue is made of this, to flitch paper together, by 
fufing it again with the addition of a fmall quantity of wa- 
ter, and four ounces of fugar-candy to a pound of the glue. 

3. The colle de gand is made with the clippings of white 
gloves, well fleeped in water, and boiled : it is likewife made 
with the clippings of parchment. In order that thefe two 
kinds of glue may be fit for ufe, it is ncceflary that they be 
of the confiftence of a tremulous jelly when cold*. 

4. Fifh-glue, or ifmglafs, is made of the mucilaginous 
parts of a large fifli commonly found in the Ruffian feas. 
The (kin, the fins, and the nervous part, are cut into flices, 
boiled on a flow fire to the confiftence of jelly, fpread out to 
the thicknefs of a fheet of paper, and formed into cakes or 
long pieces, fuch as we receive them from Holland. The 
filk manufacturers, and more efpecially the ribbon weavers, 
ufe it to give a luftre to their goods j it is alfo ufed to ftifFen 
gauzes ; and to clarify or fine wine, by mixing a folution of 
this fubftance with it. Ifmglafs enters into the compofition 
of fome plafters. It is excellent to correct acrid humours, 
and terminate obflinate venereal diforders. 

Gilders fize is made by boiling eel-lkins in water with a 
fmall -quantity of lime ; the water is ftrained off, and fome 
whites of eggs added. When it is intended to be ufed, it is 
heated, applied to the furface intended to be gilded, and 
when it is dry the gold leaf is laid on. 

5. The glue of mails is made by expofmg fnails to the 
lun, and receiving in a glafs the fluid which flows from 
them. This liquor is mixed with the juice of milk thiflle. 
It is ufed to cement glaflfes together, which are afterwards 
expofed to the fun to dry. 

6. To make the glue of parchment, or parchment fizc, 
two or three pounds of the clippings of parchment are put 
into a pail of water. Thefe are boiled until half the water 
is evaporated ; after which the whole is ftrained through a 
cloth, and left to fettle. 

The glue or fize ufed in the paper manufactories, to fortify 
the paper, and to repair its defects, is made with wheat flour 
diffufed in boiling water, and ftrained through a fieve. This 
fize muft be ufed the following day, and neither fooner nor 

fhefe weaker glues are called Size by our workmen, who 
1 ■.. le to the flrong glue only. 
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later. The paper is afterwards beat with a mallet, fized a 
fecond time, put into the prefs to fmooth and unite it, and af- 
towards, tended by hammering. 



CHAPTER. VII. 
Concerning the Mufcular or Flefhy Parts. 
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HE mufcles of animals are formed of longitudi- 
nal fibres connected together by the cellular membrane, and 
impregnated with various humours, in which we find partly 
thofe we have already examined feparately. 

The analyfis of thefe fubftances by diftillation afforded us 
little inftruction refpecting their nature. The products were, 
water which eafily became putrid, alkaline phlegm, empy- 
reumatic oil, carbonate of ammoniac, and a coal which af- 
forded by incineration a fmall quantity of fixed alkali, and 
febrifuge fait. 

The procefs which fucceeds the belt for feparately obtain- 
ing the various fubftances which compofe mufcles, is the 
following which has been pointed out to us by Mr. De 
Fourcroy. 

1. The mufcle is firft warned in cold water : by this means 
the colouring lymph, and a faline fubftance, are taken up. 
By flow evaporation of this water, the lymph coagulates, and 
may be feparated by the filtre ; and a continuance of the 
evaporation affords the faline matter. 

2. The refidue of the firft warning is digefled in alcohol, 
which diffolves the extractive matter, and a portion of the 
fait j the extract is feparated by the evaporation of the alco- 
hol. 

3. The refidue of the firft operations is to be boiled in 
water, which takes up the jelly, the fat part, and the remain- 
ing faline and extractive matter. The fat oil fwims on the 
furface and may be taken off. 

4. x^fter thefe operations, there remains only a white in- 
fipid fibrous fubftance, infoluble in water ; v/hich contract* 
by heat, like other animal fubftances ; affords ammoniac, 
and very fetid oil, by diftillation. Nitrogene gas is obtain- 
ed from it by the nitric acid. It pofiefles ail the characters 
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of the fibrous part of the blood in which fluid it is armed, 
to be afterwards depofited in the mufcles, where it receives 
the laft character appropriated to it. 

Mr. Thouvenel, to whom we are indebted for interefting 
refearches on this fubject, has found in fkfh a mucous ex- 
tractive fubftance, foluble in water and in alcohol, poll* fling 
a peculiar tafte which jelly has not; and when this fubftance 
is very much concentrated, it aflumes an acrid and a bitter 
tafte. Fire developes on aromatic flavour in it. This fub- 
ftance, evaporated to drynefs, aflumes a bitter, acrid, and 
faline tafte. It fwells up upon hot coals, and liquefies ; 
emitting an acid, penetrating fmell, refembling that of burn- 
ed fugar. It attracts the humidity of the air, and forms a 
faline efflorefcence. In a hot atmofphere it becomes four, and 
putrefies. All thefe characters indicate a refemblance between 
this fubftance, the faponaceous extracts, and the faccharine 
matter of vegetables. Mr. Thouvenel, who has likewife ana- 
lyfed the fait obtained by the decoction and flow evaporation 
of flefli, obtained it fometimes in form of down, and fome- 
times in that of cryftals, whofe figure he could not defcribe. 
This fait appeared to him to be a phofphate ofpctafh in 
frugivorous quadrupeds, and muriate of potafh in carnivo- 
rous reptiles. It is probable, as Mr. De Fourcroy obferves, 
that this fait is a phofphate of foda or of ammoniac, mixed 
with the phofphate of lime. Thefe falts are indicated, and 
even with excefs of acid, like thofe of urine, by lime-water 
and ammoniac, which form white precipitates in the decoc- 
tion of flefh. 

The moft abundant part of mufcles, and that which con- 
ftitutes their predominating character is the fibrous matter. 
The characters which diftinguifh this fubftance are — 

i. It is not foluble in water. 2. It It affords more nitro- 
gene gas by the nitric acid than other fubftances do. 3. It 
afterwards affords the oxalic acid, and the malic acid. 4. It 
putrefies eafily when moiftened, and affords much concrete 
ammoniac by diftillation. 

• The other three fubftances contained in flefh, namely 
lymph, the jelly, and the fat part, are the fame fubftances 
concerning which we have already treated, under the fame 
denominations. 
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From tbefe principles we may give the etiology cf the 
formation of foup, and follow the fucceffive difengagements 
of all the principles we have fpoken of. 

The firit impreflion of the fire, when a foup is made, is the 
difengagement of a confiderable fcum, which is taken off 
until it no longer appears. This fcum arifes merely from the 
difengagement of the lymph, which coagulates by the heat. 
It aflumes, by the impreflion of the fire, a red colour, which 
it dots not naturally poflefs. 

At the fame time the gelatinous part is difengaged, which 
remains diifolved in the foup, and congeals only by cooling. 
It forms on the furfaceof cold foup a body more or lefs thick, 
according to the nature of the fubftances, and the age of 
the animals ; for young animals afford a larger quantity 
than fuch as are old. 

As foon as the fleffi is penetrated by heat, flat round drops 
arife, and float at the furface of the fluid, in which they are 
not afterwards diifolved, but congeal by cooling, and exhi- 
bit all the characters of fat. 

In proportion as the digefuion proceeds, the mucous ex- 
tractive part feparates : the foup becomes coloured, affumes 
its peculiar odour and tafle ; and it is more particularly to 
this principle that its properties are owing. 

The fait which is at the fame time diifolved takes off the 
infipidity of all the before-mentioned principles : and at this 
period the foup is completely made. 

According to the nature of the feveral principles which 
are difengaged, and the order in which they appear, it is 
evident that the managementof the fire isnot a matter of in- 
difference. If the ebullition be haft ened, and a proper time 
be not allowed for the difengagement of the mucous extrac— 
tive matter, the three inodorous and infipid principles are 
obtained ; and this is obferved in foups made by cooks who 
hailened, or have not time allowed to pay a due atten- 
tion to their -work. When on the contrary, the digeftion is 
' made over a flow lire, the principles feparare one after the 
oiher, in order; the fkimming is more accurately performed ; 
the aromatic flavour which is difengaged combines more in- 
timately, and the foup is of an excellent flavour. Thefe are 
the fouo; of *he good women who perform better with a 

4P 
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fmall quantity of meat, than profeffed cooks with their ufual 
prodigality, and in this cafe we msfy lay that the form is of 
more value than the fubftance. 

The heat mult not be applied too long ; for the great eva- 
poration, by concentrating the principle of fmell and tafte 
at the fame time with the fait, renders them acrid and bitter. 



IT 



CHAPTER VIII. 
Concerning Urine. 



RINEis an exerementitious humour of the body; 
and it is one of the fluids of which it is of the greateft im- 
portance to poffefs an accurate knowledge ; becaufe the 
practical phyfician may derive the greateft advantage from 
information of this nature. It is known to what a degree of 
extravagance the marvellous pretenfions of this kind have 
been carried. The delirium has proceeded to fuch a height, 
as even to pretend to afcertain from the urine, not only the 
nature of the diforder, and the character of the patient, but 
like wife the fex and condition. 

The true phyfician has never given into this excefs : but 
he has always derived arllftance, in his practice, from the 
characters exhibited by the urine ; and this is the humour 
from which he may draw the moft fatisfactory indications. 
It carries out, as we may fay, the internal character ; and a 
phyfician who knows how to form a judgment upon its pro- 
perties may deduce the mod inftructive confequences from 
it. Munro, in his Treatife of Comparative Anatomy, has 
defcribed the organs which, in birds, fupply the place of the 
kidneys : they are placed near the vertebral column ; and 
communicate, by two ducts, to the vicinity of the anus. 
He affirms that the urine of birds is that whitifh fubftance 
which almoft always accompanies the excrements. 

Chemical analyfis ought to enlighten the phyfician in his 
refearches concerning the Urine. The nature of the princi- 
ples it carries off in certain circumftance, afibrds vaft infor- 
mation refpecting the. predominant principle in the fluids of 
the human body. Its'various ftates ftiew the difpofition of 
the conftitution. Perfons of a very irritable habit have the 



Characters of Urine. 617 

urine of a lighter colour than others ; gouty perfons evacu- 
ate turbid urine ; and it has been obferved that, when the 
bones become foft, the urine carries off the phofphate of 
lime, which conftitutes their bafis ; inftances of which were 
obferved in the perfons of Mrs. Supiot, the widow Melin, 
&c. The various ftates 6i any diforder are always pointed 
out by the ftate of the urine ; and the truly practical phyfi- 
cian will there obferve figns of crudity and concoction which 
will direct his proceedings. 

Urine is likewife an humour interefting to be known on 
account of the various ufes to which it is applied in the arts. 
It was from this fubftance alone that phofphorous was, for a 
long time extracted ; it is to this fluid that we owe the de- 
velopement of the blue colour of turnfole, and the violet of 
archil ; it may be fuccefsfully employed in forming artificial 
nitre-beds; it powerfully contributes to the formation offal 
ammoniac ; it may be ufed to prepare the alkali in the ma- 
nufacture of Pruffian blue ; and, in a word, it may be ap- 
plied in all the operations wherein the concurrence of an 
animal humour is required. 

Urine, in its natural (late, is tranfparent, of a citron yel- 
low colour, a peculiar fmell, and a faline tafte. 

It is more or lefs abundant, according to the feafons, and 
and the flate of the individual. It is fumcient to obferve, 
on this fubject, that tranfpiratiqn, and more efpeciaily per- 
foration or fweat, fupply the place of the fecretion of urine ; 
and that confequently, when the tranfpiration is great, the 
urine is not abundant. 

Phyficians diftinguifh two kinds of urine. The one is 
emitted one or two hours after drinking ; this is aqueous, 
contains fcarcely any falts, and has neither colour nor fmell : 
it is this which is evacuated fo plentifully during a courfe of 
mineral waters. The other is not evacuated until after the 
functions of fanguification are fmifhed : and may be called 
Faeces Sanguinis. This has all the characters we have enu- 
merated and affigned to urine. It is carried by the arteries 
into the kidneys, where it is feparattd, and poured into the 
receptacles of thefe organs, whence it paries, by the ureters, 
into the bladder ; where it remains a longer or fhorter time 
according to the habitude cf the perfon, the nature of the 
urine, the irritability or magnitude of the bladder itfelf. 
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The urine has been long confidered as an alkaline fluid ; 
but in our time it has been proved to contain an excefs 
acid. It appears from the experiments of"M. Berthollet — 

1. That this acid is of the nature of the phofphoric acid. 

2. That the urine of gouty perfons contains lefs of this acid ; 
whence he conjectures, with reafon, that this acid retained 
in the blood, and conveyed into the articulations, produces 
an irritation, and confequently a flux of humours, which 
caufe pain and fwelling. 

The analyfis of urine by diftillation has been accurately 
made by various chemifls, but more efpecially by Rouelle 
the younger. Much phlegm is obtained, which putrefies 
with thegreateft facility, and a?fFords ammoniac by its putre- 
faction, though it does not itfelf contain that fubftance. At 
the fame time a fubftanee is precipitated of an earthy ap- 
pearance, but which in reality is a triie phofphate of urine. 
It is this fame fait which forms the fediments of urine, which 
is obferved by expofmg it to cold during the winter, even 
though the urine be of a perfon in perfect health. "When 
urine has, by a fufficient evaporation, acquired the confid- 
ence of fyrup, it need only be expofed, in a cool place, to 
obtain cryftals, in which analyfis has proved the exiftence of 
the phofphates of foda and of ammoniac. This precipitate 
of cryftals has been diftinguifhed by the name of lufible fait, 
native fait, microcofmic fait. Urine may be deprived of all 
faline matter by repeated folutions, filtrations, and evapora- 
tions ; the matter which adheres to thefe cryftals, and ol 
which they may be cleared by thefe operations, is foluble 
partly in alcohol and partly in water. The faponaceous fub- 
iianee, or that which is foluble in alcohol, is capable of cryi- 
tallization, dries difficultly, and affords by diftillation a fmall 
quantity of oil, carbonate of ammoniac, of muriate of am- 
moniac, and the refidue converts fyrup of violets to a green. 
The extractive principle is eafily dried, and exhibits the lame 
phenomena in diftillation as animal fubftances. See Rouelle. ' 

The phenomena exhibited by the fponrancous decompo- 
fition of urine, are very interefting to be known; on which 
fubjeft an excellent memoir of Mr. Halle in the volume of 
the Society of medicine for 1-79, may be consulted. Urine 
left to itfelf foon lofes its fmell, which is fucceeded by a 
11 of ammoniac, w hich is He diffipated in its turn. 



Analyfts of Urine. 619 

The colour becomes brownilh, and the fmell fetid and nau- 
feous. We are indebted to Mr. Rouelle for a valuable ob- 
fefvation — that crude purine, urina potus, prefents very dif- 
ferent phenomena ; and that it becomes covered with moul- 
dinefs, like the exprefled juices of vegetables. Putrefied 
urine has much lefs acid in the difengaged date than when 
it is frefh. 

The fixed alkalis and lime difengage much ammoniac from 
urine by decompofing the phofphate of ammoniac. 

The acids deftroy the fmell of urine by combining with 
the ammoniac, which is the principal vehicle of that fmell. 
We may therefore confider urine, in its natural ftate, as 
water holding in folution matters purely extractive, and 
phofphoric or muriatic falts. Thefe phofphoric falts have 
lime, ammoniac, or foda, for their bafis : we (hall take a 
flight view of each in particular. 

That which is called fufible fait, is nothing but a mixture 
of all the falts contained in urine, clogged with the extrac- 
tive principle. All the ancient chemifts advifed evporation 
and repeated filtration, to clear them from this animal ex- 
tract ; but Meffrs. Rouelle and the Duke de Chaulnes have 
obferved, that great part of the fait is difengaged and dif- 
fipated by thefe operations to fuch a degree that three- 
fourths are loft. To avoid mod of this lofs, the Duke de 
Chaulnes advifes folution, filtration, and cooling in well- 
clofed veffels. Two ftrata of fait are then obtained ; the 
upper of which appears to have the form of fquare tables, 
wherein Rouelle obferved tetrahedral prifms flattened with 
dihedral fummits. This is the phofphate of foda : and be- 
ne ith this lies another fait cryftallized in regular tetrahedal 
prifms, and is the phofphate of ammoniac. 

1. The phofphate of ammoniac ufuaily exhibits the form 
of a very compreffed tetrahedral rhomboidal prifm : but 
this form varies much ; and the mixtures of the phofphate 
or muriate of foda caufe an infinity of modifications in it. 

The tafte of this fait is cool, afterwards urinous, bitter 
and pungent. 

This falts fwells up on the coals, emits a ftrong fmell of 
ammoniac, and melts by the blow-pipe into a very fixed and 
verv fufible glafs. 
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It is foluble in water. Five parts of cold water, at ten 
degrees of Reaumur, diffo!ved only one of this fait ; but at 
the temperature of fixty degrees this fait is decompofed, and 
a portion of its acid is volatilized. 

It ferves as a flux to all the earths ; but in this cafe its 
alkali is difengaged, and the phofphoric acids unites with the 
earth, as I find by experiment. Bergman propofed it as a 
flux. The fixed alkalis and lime-water difengage the am- 
moniac. 

When this fait is heated with charcoal, it affords phof- 
phorus. 

2. The phofphate of foda was made known in 1740 by 
Haupt, under the name of fal admirable perlatum. Hellot 
before him, and Pott feventeen years after him, took it for 
felenite. Margraff gave an accurate defcription of it in his 
Memoirs, in 1745; and Rouelle the younger defcribed it 
at full length in 1776, under the name of fufible fait with 
bafeof natrum. All agree that it differs from the preced- 
ing in not affording phofphorus with charcoal. 

According to Rouelle, its cryftals are flattened irregular 
tetrahedral prifms, with dihedral fummits. The four fides 
of the prifm are two irregular alternate pentagons, and two 
long rhombi truncated flopewife. 

When expofed to heat it fufes, and affords a glafs which 
becomes opake by cooling. 

It is foluble in diftilled water and the folution turns fy- 
rup of violets green. 

It does not afford phofphorus with charcoal. 

Lime difengages the foda. It may even be obtained in a 
cauftic ftate, if the precipitation be effected by lime-water, 

The mineral acids, or even diftilled vinegar, decompofe 
it by feizing its alkali. Mr. Prouft, to whom are we in- 
debted for all the accurate information we poffefs concern- 
ing thefe fubftances was of opinion, that the bafe to which 
the foda adhered was not the phofphoric acid, but a very 
fingular fait, whofe properties greatly refembled thofe of 
the acid of borax. Pie found this fait in the mother wa- 
ter, after having decompofed the phofphate of foda by 
the acetous acid, and obtained the acetite of foda by cryi- 
tallization. He obtained this fame fait by diffolving and 
evaporating the refidue of the diflillation of pho'pho- 
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rus. One ounce of phofphoric glafs contains five or fix 
drams. This fait was chara&erifed by the following pro- 
perties : 

1. It cryftalizes in parallelograms. 

2. Its tafte is alkaline, and turns fyrup of violets of green. 

3. It fwells ap in the fire, reddens, and melts. 

4. It efflorefces in the air. This may not take place when 
the phofphoric acid has not been fufficiently decompofed by 
the diflillation to leave the alkali difengaged, as I have ob- 
ferved. 

5 Boiling water diffolves fix gros per ounce. 

6. It afTifts the vitrification of earths, and forms a per- 
fect glafs with filex. 

7. It decompofes nitre and marine fait, and feparates 
their acids. 

8. It is infoluble in alcohol. 

Mr. Klaproth has publifhed in Crell's Journal an analy- 
fis of the fufible fait, in which he has fhewn that the pearly 
fait, or fait of Proufl, is merely the phofphate of foda. To 
prove this, nothing more need to be done than to diffolve 
this fait in water, and to add a folution of nitrate of lime. 
The nitric acid feizes the foda, and the phofphoric acid is 
precipitated with the lime. The phofphoric acid may after- 
wards be feparated by means of the fulphuric acid. 

If the phofphoric acid obtained by the flow combuflion 
of phofphorus be faturated with foda flightly in excefs, the 
fufible fait is formed ; if this excefs be taken up by vinegar, 
or if more phofphoric acid be added, the fubftance defcri- 
bed by Proufl is formed. 

The phofphate of foda is not decoinpofable by charcoal ; 
and it is at prefent clearly feen why the fufible fait affords 
but little phofphorus ; and why Kunckel, Margraaf, and 
others recommended a mixture of the muriate of lead ; for 
by this means the phofphate of lead was formed, which 
permits the decompofition of the phofphoric acid, and af- 
fords phofphorus. 

Concerning the Calculus of the bladder. 

Paracelfus made fome refearches concerning the calculus 
of the bladder, which he calls duelech. He confiders it as a 
fubflance intermediate between tartar and (tone, and thinks 



622 Calculus of the Bladder. 

that its formation is owing to the modification of an animal 
refm : hefuppofes it to be abfolutely fimilar to the matter 
of the gout. 

Vanhelmont does not admit of this analogy ; and confi- 
ders the calculus as an animal coagulum produced by the 
falts of urine, and a volatile earthy fpirit. Boyle found 
this calculus to be compofed of oil and volatile fait. Boer- 
haave fuppofed it to confifl of a fubtle earth, intimately unit- 
ed with alkaline volatile falts. Hales has obferved that a 
calculus of the weight of two hundred and thirty grains af- 
forded fix hundred and forty-five times its volume of air, 
and that there remained only a calx of the weight of forty- 
nine grains. 

Independent of this chemical information, fome phyfici- 
ans, fuch as Alfton, De Haen, Vogel, Meckel, &c. had ob- 
ferved the folvent power of foap, lime-water, and alkalis. 

But we poifeffed no accurate ideas on this fubjecl: until it 
was ferioufly taken up by Scheele and Bergmann. The be- 
zoar of the bladder is formed for the moft part of a peculiar 
concrete acid, which M. De Morveau calls the Lithiafic 
Acid. (The Encyclopedic Methodiqe may be confulted, 
from which the prefent article is an extract.") 

The calculus is partly foluble in boiling water. The lix- 
ivium reddens the tincture of turnfole ; and by cooling depo- 
fits moil of what it had diflblved. The cryftals thus fepa- 
rated are the concrete lithiafic acid. 

Scheele has likewife obferved — i. That the fulphurie 
does not diffclve the calculus unlefs afTifted by heat, and 
that it is then converted into the flate of fulphureous acid. 
2. That the muriatic acid has no aclion upon it. 3. That 
the nitric acid diffolves it with effervefcence, and difengagea 
nitrous gas and carbonic acid. This folution is red ; it con- 
tains a diiengaged acid, and tinges the Ikin of a red colour. 
This folution is not precipitated by the muriate ofbarytes, 
nor rendered turbid by the oxalic acid. 4. That the cal- 
culus was not attacked by the carbonate of pctafh ; but 
that the cauftic alkali diflblved it, as well as the volatile al- 
kali. 5. That one thoufand grains of lime-water diffolved 
5>37 ^y mere digeftion, and that it was again precipitated 
by acids. 6. That all urine even that of infants, held a 
fmall quantity of the matter of calculus in folution j which 



Arthritic Concretions. 6*3 

perhaps may be the caufe, that when this matter finds a nu- 
cleus in the bladder, it more eafily encrufts it. I havefeen 
a calculus with a large plum ftone in its centre. 7. That 
the brick-coloured depofition from the urine in fevers, is of 
the nature of the calculi. 

Thefe experiments exhibit feveral important confequences 
with regard to the compofition of the calculus, and the pro- 
perties of the lithic acid. 

The calculus contains a fmall quantity of ammoniac. The 
coaly refidue of the combuftion indicates an animal fubftance 
of the nature of jelly. The celebrated Scheele did not find 
it to contain a particle of calcareous earth ; but Bergmann 
precipitated a true fulphate of lime, by pouring the fulphuric 
acid into the nitrous folution of the calculus. He admits 
that the lime is very fmall in quantity, as it rarely exceeds 
the two hundreth part of the entire weight. The fame 
chemift has detected a white fpungy fubftance, not foluble 
in water, nor attacked by fpirit of wine, or acids, or alkalis 
which at lad affords a coal of difficult incineration, and 
which the nitric acid does not diflolve, even in the ftate of 
afhss ; but this matter exifts in fo fmall a quantity, that he 
could not procure enough to examine it. The calculus is 
not therefore analogous to bones in its nature ; neither is it 
a phofphate of lime, as has been pretended. Thefe are the 
refults of the chemifts of the north ; but I muff obferve that, 
after having decompofed many calculi by the cauftic alkali, 
I have precipitated lime, and formed phofphates of potafh. 

Somephyficians, fuch as Sydenham, Cheyne, Murray, &x\ 
have thought that the arthritic concretions were of the fame 
nature as the calculus. The ufe of which Boerhaave made 
of alkalis in the gout ; the virtues admitted by Fred. Hoff- 
man in the thermal waters of Carlfbad, which contain foda, 
with an excefs of carbonic acid ; the authority of Springs- 
feld, who aflerts that the calculus is very fpeedily diffolved 
in thefe waters, even in the urine of thofe who drink them ; 
the fuccefs of lime-water, ufed by Alfton in the gout— all 
confpire to give fome credit to the opinion of thefe early 
phyficians. But the following experiments; do not agree 
with this notion. 

4 0. 
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Vanfwieten affirms that the arthritic concretion never ac- 
quires the harfhnefs of the calculus. Pinelli (Philof. Tranf.) 
diftilled in a retort three ounces of the arthritic matter col- 
lected from the articulations of feveral gouty perfons ; and 
he obtained ammoniac, with fome drops of oil, the refidue 
weighing two gros: This refidue, which was foluble in the 
muriatic, fulphuric and acetous acid, was not attacked by 
volatile alkali. An obfervation of Mr. Rcering was publifh- 
ed in the memoirs of the academy of Stockholm for 1783, 
which afcertains that the concretions expectorated by an old 
man fubject to the gout, were found to be of the nature of 
bone, or phofphate of lime. But one of the newefh and mod 
important facts is that of Watfon, in the medical Commu- 
nications of London, vol. i. 1784. lie concludes, from the 
examination of the athritic concretions of a gouty body, that 
this fubftance is very different from the matter of the calcu- 
lus, fince it is foluble in the fynovia, and eafily mixes with 
oil and water, which the calculus does not. 

It follows from our obfervations on the lithic acid, that it 
this acid is concrete, and fparingly foluble in water ; that 
is decompofed, and partly fublimed by diftillation. This 
acid decompofes the nitric acid, unites with earths, alkalis, 
and metallic oxides. It yields its bafes to the weaken; vege- 
table acids, not excepting the carbonic. 



CHAPTER. IX. 

Concerning Phofphorus. 



P 



HOSPHORUS is one of the moft aftonifhing 
products of chemiftry. It is pretended that traces of the 
knowledge of this fubftance exift in the writings of the ear- 
lier! chemifts : but the moll pofitive information we po<h fs 
on this fubjett is found in the hiftory given by Leibnitz, in 
the Melanges de Berlin for 17 10. He gives the difcovery 
to Brandt, a chemift of Hamburg, who during a courfe of ex- 
periments upon urine, with a view of extracting a fluid pro- 
per to convert filver into gold, difcovered phofphorus in the 
year 1667. He communicated his difcovery to Kraft, who 
{hewed it t o Leibnitz j and being afterwards in England he 
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communicated it to Boyle*. Leibnitz caufed the firft inven- 
tor to be introduced to the Duke of Hanover, before whom 
he performed the whole operation ; and a fpecimen of the 
pholphorus was fent to Huygens, who fhewed it to the Aca- 
demy of Sciences at Paris. 

It is faid that Kunckel had aflfociated himfelf with Kraft 
to purchafe the procefs from Brandt. But Kunckel having 
been deceived by Kraft, who kept the fecret to himfelf, 
knowing that urine was made ufe of, let to work, and disco- 
vered a procefs for making the fubflance ; and it is this 
which led chemifts to call it by the name of KunckePs Phof- 
phorus. 

Though the procefs was rendered public, Kunckel, and 
a German called Godefred Hatwithf, were the only perfons 
who prepared phofphorus for a long time. It was not till 
the year 1737, that it was made in the laboratory of the 
Royal Garden at Paris. A foreigner executed this opera- 
tion in the pretence of Meflrs. Heliot, Du Fay, Geoffroi, 
and Du Hamel. An account of the operation may be feen 
in the volume of the Academy for 1737. Heliot has col- 
lected all the effential circumftances. Margraaf, in the year 
1743, published a new and more eafy method, which has 
been followed until Scheele and Gahn taught us to obtain 
it from bones* 



* As Boyle communicated the pncefs.for making phofphorus to the Royal Society as 
e difcovery ot" his own, and it is entered as fuch in the Philofophical Transactions, I can- 
not avoid animadverting on this impeachment of his integrity, which is copied from one 
chemical book intoanother. It is grounded on no better foundation than the affcrtion of 
Kraft, a dealer in fecrets, who, after having deceived his friend Kunckel, affodated with 
him for the purchafe of this fecret. I might inlift, in defence of the candour and oi herwifc 
unimpeached integrity of Boyle, that his affertion ought infinitely to outweigh that of (he 
otiu-r. No: to infift, however, upon this, it may be noticed that this new and famous 
producl was known to have been extracte J . from urine ; that Kunckel is jniverfally ad- 
mitted as the difcoverer, from his having firmed i' upon nj fuller information tlian this ; 
that Boyle might with equal probability be admitted to have recovered it in the fame man- 
ner, and upon information equally flight; and that the probability of this is ren- 
dered incomparably greater, by the coufi '.eration rhat.none of thefe chemifts made any 
complic:ted experiments, but merely applied the force of fire to urine until this product at 
lad came over. T. 

f Spelled Hanckwitz by moft authors. He was inftructed by Boyle. T. 
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The procefsof Margraaf confifts in mixing the muriate of 
lead, which remains after the diitillation of four pounds of 
minium and two of fal ammoniac, with ten pounds of the 
extract of urine of the confidence of honey. Half a pound 
of charcoal in powder is added; the mixture is dried in an 
iron pot until it is reduced to a black powder. This powder 
is to be put into a retort ; and the volatile alkali, the fetid 
oil, and the fal ammoniac, diftilled off. The rcfidue con- 
tains the phofphorus. It is afTayed by throwing a fmall 
quantity on hot coals : if it emits a fmell of garlic, and a 
phofphoric flame, it is to be put into a good earthen retort, 
and diftilled. Much more phofphorus is obtained by this 
than by the old procefs ; and this depends on the addition 
of the muriate of lead by Margraaf, which decompofes the 
phofphate of foda, forming a phofphate of lead, which affords 
phofphorus ; whereas the phofphate of foda is not dccompo- 
fable by charcoal. The famous chemift of Berlin has like- 
wife proved that it was the fufible fait of urine which af- 
fords the phofphoru?. 

Mr. Gahn publifhed, in the year 1769, that the earth of 
calcined bones confided of lime united with the acid of urine; 
but Scheele was the firft to prove that by decompofing this 
fait of bones by the nitric and fulph uric acids, evaporating 
the refiduein which the phofphoric acids exift in a difenga- 
ged ftate, and diftilling the extract with powder of charcoal, 
phofphorus is obtained. Thefe circumftances, related by 
Bergmann himfelf in his notes to the Chemiftry of Scheffer, 
attribute to Scheele the difcovery of extracting phofphorus 
from bones. It was not until the year 1775 that the pro- 
cefs was publifhed in the Gazette Salutaire de Bouillon. 
Additions and improvements have been fuccelhvely made 
in this procefs, of which accounts may be feen in the Dic- 
tionnaire Encyclopedique. 

The procefs which has mod conftantly fucceeded with 
me, is the following : 

The hardeft bones are felecled and burned. By this 
combuftion the external part becomes white, while the in- 
ternal part is blackifh. 

Thefe burned bones muff, then be pulverized, and put into 
a turine, or in a round hooped wooden veffel. Half their 
weight of oil of vitriol is then to be poured on, and conftant- 
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ly ftirred. During the agitation a confiderable heat is ex- 
cited. The mixture muft be left in a digeflion for two or 
three days ; after which, water muft: be gradually added, 
and ftirred. I digeft this laft mixture upon the fire, in or- 
der to encreafe the folvent power of the water. 

The water of the lixivium is then to be evaporated in vef- 
fels of (lone ware, filver, or copper. Mr. Pelletier recom- 
mends this laft metal ; becaufe, according to him, the phof- 
phoric acid does not attack copper. The evaporation muft: 
be carried to drynefs : more boiling water muft be poured 
on the refidue ; and this warning muft be continued until 
the matter be exhaufted, which may be known by the water 
beinn- no longer tinged yellow. All thefe waters are to be 
evaporated, and afford an extract. 

To feparate the fulphate of lime, the extract muft be dif- 
folved in the leaft poffible quantity of water, then filtered, 
and the fait remains on the filtre. This extract may be mix- 
ed with powder of charcoal, and diftilled ; but I prefer con- 
verting it into animal glafs : for which purpofe I put the ex- 
trad into a large crucible, and urge the fire. It fwells up at 
firft, but at laft fettles ; and at that inftant the glafs is made. 
This glafs is white of a milky colour. Becher was perfectly 
acquainted with it ; but concealed his procefs, on account 
the abufes which, according to him might be made of it — 
propter varies abufus. He tell us, in proper terms, homo vi- 
trum eft, et in vitrum redigi poteji, ficut et omnia animalia. 
He regrets that the Scythian, who drank out of difgufting 
fculls,°were not acquainted with the art of converting them 
into glafs. He fhews that it would be poffible to form a 
feries of one's anceftors in glafs, in the fame manner as we 
poflefs them in painting, &c. 

I obferved once to my great aftonifhment, that the phos- 
phoric glafs I had juft made, emitted very ftrong electric 
fparks ; thefe flew to the hand at the diftance of two inches. 
I exhibited this phenomenon to my audience of pupils. 
This glafs loft the property in two or three days, though 
preferved in a capfule of common glafs. 

It fometimes happens that this glafs is deliquefcent, but it 
is then acid ; and\his circumftance arifes from too large a 
quantity of fulphuric acid, or from this acid not having been 
Saturated by a digeftion of Sufficient continuance. 
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I have likewife obtained glafs of the colour of turqoife, 
when I performed the evaporation in copper veffels. 

This glafs may be deprived of the bubbles it ufually con- 
tains, by keeping it for a time in a violent heat ; it is' then 
tranfparent, and may be cut like a diamond. According to 
Crell, its fpecific gravity is to that of water as three to one, 
while that of diamond is as three and a half to one. This 
glafs, is infoluble in water, &c. A fkeleton of nineteen 
pounds, burned, affords five pounds of phofphoric glafs. 

I pulverize this glafs, mix it with equal parts of powJer 
of charcoal, put it into a porcelain retort well coated, the 
beak of which 1 partly plunge into the water of the receiver, 
fo that nothing can efcape but air or phofphoric gas. I a- 
dapt a large tube to the tubulure of the receiver, and plunge 
it into a veffel filled with water. The fire being railed by de- 
grees, the phofphorus comes over the moment the mixture 
is ignited. The phofphorus fublimes, partly in the form of 
a fume which congeals ; and is precipitated upon the furface 
of the water, partly in the form of inflammable gas, and 
partly refembling melted wax, which drops in beautiful 
iranfpareat tears from the neck of the retort. The theory 
of this operation is eafily explained. The phofphoric acid 
is difplaced by the fulphuric acid, as is fhewn by the large 
quantity of fulphate of lime which is obtained. All the 
other operations tend only to concentrate this phofphoric 
acid which is (till combined with other animal fubftanccs, 
and the diftillation with charcoal decompofes the phofphoric 
acid ; its oxigene unites with the coal, and affords a carbo- 
nic acid, while the phofphorus itfelf becomes difengaged. 

To purify the phofphorus, a piece of chamois leather is 
moiflened, and the mafs of phofphorus is put into it. This 
being immerfed in aveffel of boiling water, the phofphorus 
melts, and is paffed through the (kin like mercury. The (kin 
cannot be ufed more than once ; the phofphorus, which 
might be paffed a fecond time, would become coloured. 
This procefs was contrived by Mr. Pelletier. 

In order to form phofphorus into (licks, a funnel with a 
long neck may be ufed, the lower orifice being clofed with a 
frnall cork, or piece of fo ft wood. The funnel is then to be 
idled with water, and phofphorus put in it ; and this being 
plunged in boiling water, the heat is communicated to that 
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of the funnel ; and melts the phofphorus, which runs into 
the neck, and takes that form. The funnel is then removed 
into a veflfel of cold water ; and when the phofphorus is per- 
fectly cooled, the cork is taken out, and the phofphorus 
thruft out of its mould withafmall piece of wood. 

Phofphorus is kept under water. After a certain time it 
lofes its tranfparency, becomes covered with a white pow- 
der, and the water is acidulated*. 

In whatever manner phofphorus may be made, it is al- 
ways one and the fame fubflance, characterized by the fol- 
lowing properties : It is of a flefh colour, and evidently 
tranfparent. It has the confidence of wax ; and may be 
cut in pieces with a knife, or twifled afunder with the fin- 
gers ; in which laft cafe the precaution muft be taken of 
frequently plunging it into water, to prevent its taking fire. 

When phofphorus is placed in contact with the air, it 
emits a white fume. It is luminous in the dark ; and a fo- 
lid flick of phofphorus may be ufed to write with, like a 
crayon. The marks are vifible in the dark ; and this means 
has often been ufed to create fear and aflonifhment in the 
minds of the ignorant. 

When phofphorus is expofed to twenty- fourf degrees 
of heat, it takes fire with decrepitation, burns with a very 
bright flame, and emits a very abundant white fume which 
is hmiinous in the dark. The refidue of the combuftion is 
a red cauftic fubftance, which attracts the humidity of the 
air, and becomes refolved into a liquor. This is the phof- 
phoric acid, which we mail proceed to treat of. 

Mr. Wilfon affirms that the folar rays fet fire to phofpho- 
rus ; and proves that this flame has the colour proper to the. 



* This flow acidification of the phofphorus feems to be reverfed by the fun's lichr. Sviks 
of phofphorus, which had Income covered with a white powder, were expofed under wa- 
ter to the fun's light, which converted them to an orange yellow colour in fuch parts as 
were acted upon by the direct light. This fact appears to be of the fame nature as the 
colouring of the nitrous acid, and other fimilar phenomena. 1. 



\ Twenty-four degree? of Reaumur anfwer to eighty fix of Fahrenheit. The vivid 
combuftion of phofph >rus takes place at different temperatures, according to its purity ; but 
theprcfent i: very low. By taking phofphorus into a freezing atmofphere, its faint Ma i 

ars, and it feems to require a temperature of lixty degrees to revive it. 1 found the 
vivid combuftion to take place atone hundred and lixty degrees. T. 
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phofphorus, and not that of the ray itfelf. — Letter of Mr. 
Wilfon to Mr. Euler, read at the Royal Society of London 
in June 1779. 

An advantageous ufe has lately been made of the combuf- 
tible property of phofphorus, to procure fire conveniently, 
and in all fituations,by means of phofphoric'tapers or match- 
es, and the philofophical bottles, the method of making 
which we mall point out. 

I. The mofl fimple procefs for making the phofphoric 
matches, confifts in taking a glafs tube, four inches long 
and one line in diameter, clofed at one end. A fmall quan- 
tity of phofphorus is introduced into the tube, and puflied to 
its further end ; after which a taper covered with a fmall 
quantity of wax is introduced into the fame tube. The open 
end is then hermetically fealed, and the other end is plung- 
ed into boiling water. The phofphorus melts, and fixes 
itfelf upon the match. 

A line is drawn at one third of the length of the tube, 
with a flint, that it may be broken as occafion may require. 

The match is to be drawn out quickly, to inflame the 
phofphorus. 

The procefs of Mr. Lewis Peyla, to make the inflamma- 
ble bougies, confift in taking a glafs tube, five inches long 
and two lines wide, one end of whichis fealed with the blow- 
pipe. Small tapers of wax are prepared with three double 
threads of cotton twilled together. The extremity of the 
match or taper is half an inch long, and muft nut be co- 
vered with v. ax. 

A piece of lead is laid in a faucer filled with water ; and 
upon this the phofphorus is cut, beneath the water, into 
fragments of the fize of a grain of millet. One of thefe 
grams is to be dried, and introduced into the tube of glafs ; 
after which the fortieth part of a grain of very dry fulphur 
is to be added, that is to fay, half the weight of the phof- 
phorus. One of the bougies is then taken, and its extremity 
dipped in very clear oil of wax. If too large a quantity 
riles, it muft be dried with a cloth. 

The match is introduced into the tube with a turning cr 
twilling motion between the fingers. 

The bottom of the tube muft then be plunged in boiling 
water, to foften the phofphorus ; obferving to keep it no 
longer than three or four feconds in the water. 
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The other extremity of the tube is afterwards fealed. 

Thefe bougies muft be kept in a tin tube, to avoid the 
danger of inflammation. 

2. To form the phofphoric bottles, a glafs bottle is heated 
by fixing it in a ladle full of fand, and two or three fmall pie- 
ces of phofphorus are then introduced into it. A fmall red- 
hot iron wire is ufed to ftir the phofphorus about, and caufe 
it to adhere to the internal furface of the bottle, where it 
forms a reddith coating. The heated wire is introduced re- 
peatedly ; and when all the phofphorus is thus diftributed 
within the bottle, it is left open for a quarter of an hour, 
and afterwards corked. When this is ufed, a common match 
tipped with fulphur is introduced into the bottle, turned 
round and quickly drawn out. The phofphorus which 
flicks to the fulphur takes fire, and lights the match. 

The theory of this phenomenon depends on the circum- 
flance that that the phofphorus is ftrongly dried, or half cal- 
cined, and needs only the contact of air to fet it on fire. 

Phofphorus is foh u\q in oils, more efpecially the volatile 
oils, which then become luminons. If this folution be kept 
in a bottle, a phofphoric flam, which emits^ a fmall quantity 
of light, will be feen every time the bottle is opened. ^ The 
oil of cloves is ufed in this operation. The combination of 
phofphorus and oil appears to exift naturally the in glow- 
worm, lampyris fplendidula Linnsei. Forfter of Gottingen 
obferves, that the Alining matter of the glow-worm is liquid. 
If the glow-worm be crufhed between the fingers, the phof- 
phorefcence remains on the finger. Henckel reports in the 
eighth diflertation of his Pyritologia, that one of his friends, 
of a fanguine temperament, after having danced much, per- 
fpired to fuch a degree that he thought his life in danger. 
While he undrefTed, traces of phofphoric flame were feen on 
his.ihirt, which left yellow red fpots behind them, refem- 
bling the refidue of burned phofphorus : this light was long 

vifible. 

A phofphoric gas may be extracted from pholphorus, 
which takes fire by the mere contact of the air. Mr. Gen- 
gembre has (hewn the method of extracting it, by digefting 
alkalis upon it (Memoir read to the academy at Paris the 

id of Mav 1783) j and at the fame time I fhewed that it 

j , R 
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might be extra&ed by means of acids, which are decompof- 
ed upon phofphorus. I have likevvife taken notice, in my 
Memoir upon the decompofition of the nitric acid by phof- 
phorus, that when the acid is digefted upon it, a gas cf- 
capes, which takes fire in the receiver, and has feveral 
times afforded me the appearance of flafhes of lightning 
ftriking through the cavity of the veffels. But this pheno- 
menon difappeared as foon as the vital air was aforbed. 

It is to the difengagement of a gas of this nature that we 
may attribute the ignes fatui which plays about burying 
grounds, and generally in all places where animals are bu- 
ried and putrefy. It is to a fimilar gas that we may refer 
the inflammable air which conftantly burns in certain places, 
and upon the furface of certain cold fprings. 

Phofphorus is found in the three kingdoms. Mr. Gahn 
found the phofphoric acid in lead. Siderite in a phofphorus 
of iron. The feeds of rocket, of muftard, of garden creffes, 
and of wheat, treated by Margraaf, afforded him a fine 
phofphorus. Mr. Meyer, of Stetin has announced, in the 
Chemical Annals of Crell for the year 1784, that the green 
refmouspart of the leaves of plants contains the phofphoric 
acid. Mr. Pilatre du Rozier renewed the opinion of Rouelle 
in 1780 (Journal de Phyfique for November), who eonfi- 
dered the phofphoric acid as analogous to that of mucilagi- 
nous bodies ; and he affirms that the diftillation of pyropho- 
rus affords five or fix grains of phofphorus in the ounce. 
The phofphoric acid exiits in urine, bones, horns, &c. M. 
Maret by treating twelve ounces of beef by combuilion, ob- 
tained three gros of tranfparent phofphoric glafs. M. Crell 
obtained it from beef iuet and human fat ; M. Hankwitz 
from excrements ; Leidenfroft from old cheefe ; Fontana 
from fifties bones ; Berniard from egg fhells, &c. Meffrs. 
Macquer and M. Struve found the phofphoric acid in the 
gaflric juice. 

The moft interefting combination of phofphorus is that 
which it forms with vital air. This is always the phofpho- 
ric acid ; but the acid appears to be modified by the manner 
in which it is made. 

Phofphorus unites with the oxigene — 1. By deflagration, 
or the rapid combultion. 2. By the flow combuftion. 3. 
In the humid way, more especially by the decompofition of 
the nitric acid. 



Decompojition of Phofphorus. 63 3 

1 . If phofphorus be expofed to a dry heat of twenty-four 
degrees, it takes fire, emits a white denfe fume, and leaves 
areddifh refidue, which powerfully attracts the humidity of 
the air, and becomes refolved into a liquor. This cornbufli- 
on may be performed under glafs veflfels in which cafe white 
flocks are depofited on the fides of the glafs, which refolve 
into a liquor by the contact of moift air, and form the phof- 
phoric acid. Care is taken to introduce an additional quan- 
tity of vital air when the combuilion of the phofphorus has 
not been completed. 

M. Lavoifier has burned phofphorus, by the afliftance of 
a burning glafs, under a glafs veflfel plunged in mercury 
(Memoirs of the Royal Academy of Sciences, 1777.) 

Margraaf had obferved that air is abforbed in vhis opera- 
tion. M. Morveau, in the year 1772, had declared the 
fame from his own experiments ; and Fontana proved that 
phofphorus abforbs and vitiates air, like every other combuf- 
tible fubftance. MefT. Lavoifier and De la Place found that 
forty-five grains of phofphorus abforbed 65,62 of vital air. 

The acid obtained by this means is impure. It always 
contains phofphorus in folution, not faturated with oxigene. 

2. Phofphorus is mod completely decompofed by the flow 
combuftion. For this purpofe the neck of a glafs funnel is 
infer ted into a bottle, and flicks of phofphorus are difpofed 
round in the funnel, fo as not to touch each other; a frnail 
piece of glafs tube being put into the neck, to prevent their 
falling through. A paper is tied over the funnel. The 
phofphorus is flowly decompofed ; and, as it becomes con- 
verted into a fluid, it flows into the bottle, where it forms a 
liquid without fmell or colour. This acid almoft always 
retains a fmall quantity of undecompofed phofphorus, from 
which it may be cleared by digefting alcohol upon it, which 
dilfolves the phofphorus without volatilizing the acid. 

One ounce of phofphorus produces in this manner three 
ounces of phofphoric acid. 

3. The nitric acid may be decompofed by digeftion up n 
phofphorus. The nitrous gas difiipated ; and the oxig 
remains united to the phofphorus, with which it forms ph 
phoric acid, When the nitric acid is very concentral 
the phofphorus takes fire, and burns at its furface. I | 
lilhed this procefs, with all the cireumftances of theoj 
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tion, in 1780, the fame year in which the excellent Memoir 
of M. Lavoifier on the fame queftion was printed, and of 
which I had then no knowledge. 

The water in which phofphorus is kept, contracts acidity 
in the courfe of time ; which fliews that the water itfelf is 
decompofed, and yields its oxigene to the phofphorus. 

Phofphorus precipitates fome metallic oxides from their 
folutions in the metallic ftate. It is obferved that acid is 
formed in this operation ; which proves that the oxigene 
quits the metal to unite with the phofphorus. 

The phofphoric acid is clear, inodorous, without being 
corrofive. It* may be concentrated to drynefs. Crell hav- 
ing concentrated it to drynefs, found its fpecific gravity, 
compared with water, to be as 3. 1. 

This acid is very fixed. If it be concentrated in a mat- 
trafs, the water is firfl diffipated, a fmell of garlic is foon 
perceived, which arifes from a portion of phofphorus, from 
which this acid is difficultly cleared : and vapours likewife 
rife. The liquor becomes turbid, amimes a milky appear- 
ance, and apafly confidence ; and if the matter be put into 
a crucible, on hot coals, it boils confiderably. The vapour 
which iifues renders the flame green ; and the mafs at lad 
becomes converted into a white tranfparent glafs infoluble 
in water. 

The phofphoric acid has no action on quartz. 

It diffolves clay with ebullition. 

It diffolves barytes ; and unites to clay with fingular faci- 
lity, with which it forms a fait of fparing folubility. The 
folution, when well charged, lets fall, at the end of four- 
and- twenty hours, cryflals infmall thin flattened needles, fe- 
veral lines long, and obliquely truncated at each end. The 
phofphoric acid precipitates lime from lime water, and forms 
a true phofphate of lime, very fimilar to the bafis of bones, 
and decompofable by the mineral acids like that fubflance. 

The phofphoric acid, faturated with potato, forms a very 
foluble fair, which affords tetrahedral cryftals terminating 
in tetrahedral pyramids. This phofphate is acid, fwells up on 
hot coals, and is difficult of fufion. Lime-water decompofes it. 

Soda, combined with the phofphoric acid, affords a fait 
of a tafte refeml it of the muriate of foda. This phof- 

phate does not cryftalize, but becomes converted into a 
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gummy and deliquefcent mafs by evaporation. Mr. Sage af- 
firms that phofphate of foda prepared with the acid of the 
flow combuflion, forms a fait fufceptible of cryftallization. 

Dr. George Pearfon has combined the phofphoric acid 
obtained by nitric acid with foda, and obtained a neutral 
fait in rhomboids. 

This fait, though faturated, turns fyrup of violets green, 
efilorefces in the air, and has a faline tafte refembling that of 
common fait. It purges in the dofe from fix to eight drams, 
without producing either naufea or griping, and has not a 
difagreeable tafte. 

The phofphoric acids acts only on a fmall number of me- 
tallic fubftances. On this fubjecl: the works of Meff. Mar- 
oraaf and De Morveau may be confulted. 

The phofphoric acid has a very evident action on oils. 
Mixed with an equal portion of olive oil, it acquires a fawn 
colour by mere agitation, which fubfifts even after the fepa- 
ration. This made increafes if the two fluids be digefted to- 
gether ; the acid becomes thick ; and the oil which floats 
above becomes black and coaly, and emits a flrong fmell. 



CHAPTER X. 

Concerning certain Suufbmces obtained from Animals for the 
Ufe of Medicine and the Arts. 

HERE is not perhaps any animal product whofe 
virtues have not been celebrated by fome of the phyfi- 
cians ; and there are few animals which have not at fome time 
or other been mentioned as contributing to the advantage of 
medicine. Time however has happily condemned to obli- 
vion thofe productions which ought never to have poffeffed 
celebrity ; and we (hall accordingly, on the prefent occafion, 
attend only to fuch as experience has (hewn to poiTefs the 
virtues and powers attributed to them. 

We mall not therefore treat of the lungs of the fox, the 
liver of the wolf, the feet of the elk, the jaws of the carp, 
the nefts of the fwallow, the powder of the toad, the dung 
of the peacock, the heart of the viper, the fat of the badger, 
nor even that of the hanged malefador. 
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Various quadrupeds, cetaceous animals, birds and fifhes, 
afford products in which chemical and medical experience 
has afcertained very evident virtuec. 

ARTICLE I. 

Concerning the Produces afforded by Quadrupeds. 

Under this article we mall treat of the products moft in 
ufe which are extracted from quadrupeds. Thefe are caflo- 
reum, mulk and hartfhorn. 

1. The name of Caftoreum is given to an unctuous fluid 
contained in two pouches fituated in the inguinal region of 
the male or female caftor. An accurate defcription of it 
may be feen in the Encyclopedic This very odorant fub- 
ftance is foft, and nearly fluid when recently extracted from 
the animal ; but it dries in the courfe of time. It has an 
acrid, bitter, and naufeous tafte j and its fmell is ftrong, 
aromatic, and even (linking. 

Alcohol dhTolves a refin which colours it ; water extracts 
an abundant principle. By evaporation of the water a fait 
is obtained, the nature of which is little known. Caftoreum 
affords by diftillation afmall quantity of volatile oil, ammo- 
niac, &c. 

The ufes of caftor in the ceconomy of the animal are un- 
known. The ancients had the credulity to believe that the 
creature itfelf took it when its ftomach was weak. 

It is ufed in medicine as a powerful antifpafmodic, in the 
dofe of a few grains in fubftance ; and it enters as a compo- 
nent part into boloufes, extracts, &c. It is advantageoufly 
joined with opium ; and its fpiritous tincture is alfo pre- 
ferred in fuitable liquids, in a dofe from twenty-four to 
thirty-fix drops. 

We fee clearly, from the little chemical information we 
poffefs refpecting this fubftance, that it is a refin joined with 
a mucilage, and a fait which facilitates the union of its prin- 
ciples. 

2. The name of mufk is given to a perfume obtained 
from various animals. In 1726 an animal was received, un- 
der the name of the Muik Animal, in the Royal Menagerie, 
which came from Africa, and refembled the civit. Mr. Per- 
vault has left a defcription of it. It was fupported fix years 
upon raw f]efh. M. De la'Peyronnie gave a very good de- 
fcription of it to the Academy of Sciences for the year 1731. 
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The organ which contained the mufk was fituated near 
the genital parts (it was a female). At the aperture of the 
bag which contained the mufk the fmell was fo ftrong, that 
M. De la Peyronnie could not infpect it without inconveni- 
ence. This liquor is prepared by two glands, which tranf- 
mit it into the common refervoir through a number of fmali 
perforations. 

The other animal which affords mufk in the Eaft, is of the 
clafs of fquirrels. It is very common in Chinefe Tartary. 
It carries the mufk in a bag beneath the navel. This bag, 
projecting outwards of the fize of a pullet's egg, is formed 
of a membraneous and mufcular fubftance, provided with a 
fphincter. Many glands are obfervable within, which fepa- 
rate the humour. As foon as the beaft is killed, this blad- 
der is cut off and tied up : but its contents are adulterated 
with the tefticles, the blood, and other offals of the animal \ 
for each creature affords no more than three or four gros. 
Mufk mufl be chofen foft, unctuous, and odorant ; and 
ought to be confumed totally upon hot coals. The mufk 
of Tonquin, which is mofl efleemed, is contained in bags 
covered with brown hair ; but that of Bengal is covered 
with white hair. 

Mufk contains nearly the fame principles as caftoreum. 
The fmell of pure and unmixed mufk is too ftrong and op- 
preffive. It is rendered mild by mixture with other fub- 
ftances. It is little ufed in medicine ; is a powerful an- 
tifpafmodic in fome cafes ; but ought to be adminiftered 
with caution, becaufe it often excites nervous affections in- 
flead of calming them. 

The fmell of mufk predominates in certain animals. M. 
De la Peyronnie knew a man from whofe left arm-pit there 
was emitted fo ftrong a fmell of mufk during the fummer, 
that he was obliged to weaken it to avoid inconvenience. 

3. Hartfhorn affords feveral products which are much 
employed in medicine. The preference is given to this horn 
becaufe it contains lefs earthy fait than bones j but all kinds 
of horn may be ufed indifcriminately. 

Hartfhorn was formerly calcined with the greateft care, 
and ufed as a remedy againft alvine fluxes. 

The products of hartfhorn which are mo ft I y ufed at pre- 
fcnt, are thofe obtained by diftillation, An alkaline phlegm 
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is firft. obtained, which is called the Volatile Spirit of Hartf- 

horn. Next comes over a reddifh oil, more or lefs empy- 
reumatic ; and a very great quantity of carbonate of ammo- 
niac, foiled and coloured by the empyreumatic oil. 1 he 
oil which colours the fait may be difengaged by means of 
fpirit of wine, which difiolves it. The coaly refidue con 
tains natrum, fulphate, and phofphate of lime, from which 
phofphorus may be obtained by the proceiiho already de- 
scribed. 

The fpirit and the fait obtained from hartfnorn arc ufed 
in medicine as good antifpafmodics. 

The oil duly reclined forms the animal oil of Dippel. As 
the highelt virtues have been attributed to this fubftance, a 
thoufand methods have been attempted to purify it. For a 
long time it was ufual to rectify it a great number of times, 
in order to have it white and fluid. But Meff. Model and 
Baume have advifed taking only the firft portion which 
comes over, becaufe this is the moft attenuated, and the 
whiteft. Rouelle advifes diftillation with water ; and as the 
mod volatile part only arifes with the heat of boiling water, 
there is a certainty of having it very fine by this means. 1 
my part, I diflil the empyreumatic oil with the earth of 
Murviel, which retains all the colouring part ; and by this 
means 1 have it at once white and attenuated. 

This is odorant, and has all the properties of the volatile 
oils : but it turns fyrup of violets green, as Mr. Parmei 
has obferved ; which proves that it retains a fmall quaiil 
of volatile alkali. This oil is ufed in doles of a few drops 
in nervous affe&ions, epilepfy, &c. It is ufed externally, by 
rubbing it on the fkin, as a fedative, and to remove obij ruc- 
tions ; but the great virtues formerly attributed to it are 
not much credited at prefent. 

riCLE II. 
Concert tain Products afforded by Fifhes. 

The oil of fifli, and fpermaceti, are the mofl ufed among 
the products obtained from fifties. 

Spermaceti is a concrete oil extracted from the cacholot. 
The name of Sperma-ceti is very improper. Thefe animals 
are of a prodigious fize, and afford large quantities of this 
matter. Planet relates that in 1688 a Spanifn fnip took a 



Sperma-ceti. Parts cf the Cuttle-Fijh. 639 

whale whofe head afforded twenty-four barrels of brains, 
and the body ninety-fix barrels of fat. This fpermaceti is 
always mixed with a certain quantity of inconcrefcible oil, 
which is carefully removed. 

Spermaceti barns with a very white flame. It is made 
into candles at Bayonne and at St. Jean de Luz. Thefe can- 
dles are of a white mining colour, become yellow in procefs 
of time, but not fofoon as wax and the denfe oils. 

If it be difliilled on a naked fire, it does not afford an acid 
phlegm, but rifes totally, at the fame time that it affumes a 
reddifh tinge. Several repeated diflillations deprive it of 
its natural confidence. 

The fulphuric acid diffolves it ; and this folution is preci- 
pitated like the oil of camphor. The nitric and muriatic 
acids have no action upon it. 

Cauflic alkali diffolves fpermaceti, and forms a foap 
which gradually acquires folidity. 

Alcohol diffolves fpermacetti, by the afTiflance of heat, 
but lets it fall as it cools. Ether likewife diffolves it. 

The fixed and volatile oils diffolve it by the amftance of 
heat. 

This fubflance was formerly much ufed. It was given 
as an emollient, and foftening remedy ; but at prefent it is 
almoft forfaken, and not without caufe ; for it is heavy, in- 
fipid, and naufeous. 

The egg, the fcales, and the black fluid of the cuttle fifh, 
areftill ufed in medicine. The eggs deterge the kidneys 
and excite urine and the courfes. The fcales and bones of 
the cuttle-fifh are applied to nearly the fame ufes : they are 
likewife ufed as an aftringent ; and enter into dentifirice 
powders, collyria, &c. The goldfmiths likewife ufe them 
to make their moulds for cafting fpoons, forks, toys, &c. be- 
caufe its fpongy part eafily receives the imprefiion of metals. 
The black humour of the cuttle-fifh, which is found in a bag 
near the ccecum, and of which Mr. Le Cat has given a de- 
fcription, may be ufed inflead of ink. We read in the Sa- 
tires of Perfius that the Romans ufed it as an ink ; aud Ci- 
cero calls it Atramentum. It feems that the Chinefe ufe it 
as the bafis of their famous ink. " Sepia pifcis eft qui habet 
fuccum nigerrimum, inftar atramenti, quern Chinenfes cum 
brodio orizse, vel alterius leguminis, infpiffant et formant, 

4S 
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et in univerfum orbem tranfmittunt, fub nomine Atramenti 
Chinenfis" (Pauli Hermani Cynofura, t. i. p 17, par. 2). 
Pliny was of opinion that the black humour of the cuttle- 
fiih was its blood. Rondelet has proved that it is the bile. 
This is the fluid the cuttle-fifh difgorges when in danger : a 
very fmall quantity is fufficient to blacken a large quantity 
of water. 

Calcined oyfter (hells are likewife ufed in medicine as an 
abforbent. 

The oil extracted from nfh is of the greatcfl ufe in the 

arts. 

ARTICLE III. 

Concerniug certain Produces afforded by Birds. 

Mofl of the birds are ufed at our tables as a delicate food 
but few afford any medical products. The eagle ftones, to 
which fo much virtue had been attributed for facilitating la- 
bours, the platters of fwallows neft s, and other fimilar fub- 
ftances, have all fallen into neglect, as the natural confe- 
rence of the obfervation of matter of fad being fubflituted 
in the place of credulity and fuperftition. The analyfis of 
eggs begins to be known. They confift of four parts : an 
offeous covering, called the fhell ; a membrane which covers 
the conftituent parts of the egg ; the white ; and the yolk, 
which occupies the centre. 

The fhell, like bones, contains a gelatinous principle, 
and the phofphate of lime. 

The white is of the fame nature as the ferum of blood. It 
renders fyrup of violets green, and contains uncombined 
chalk; heat coagulates it; by diftillation it affords a phlegm 
which eafily putrefies ; it becomes dry like horn ; and car- 
bonate of ammoniac, and empyreumatic oil, come over. A 
coal remains in the retort, which affords foda, and phof- 
phate of lime. M. Deyeux has alfo obtained fulpur by 
fublimation. 

Acids and alcohol coagulate it. 

If it be expofed to the air in thin leaves, it dries, and be- 
comes confident ; and it is on this property that the cuftom 
is founded of paffing the white of egg oyer the furface of 
paintings, to give them that brightnefs which is produced by 
varniflC and alfo to defend them from the air. The drying 



Component parts of Eggs. 641 

may be haftened by quick-lime ; and this mixture affords a 
lute of the greateft tenacity. 

The yolk of eggs likewife contains a lympathic fubftance, 
mixed with a certain quantity of mild oil, which on account 
of this mixture is foluble in water. It is this animal emul- 
fion which is known in France by the name of lait depoulle. 
Yolk of egg expofed to the fire affumes a confiftence lefs 
hard than the white. If it be bruifed, it appears to have 
fcarcely any confiftence ; and if it be fubjected to the prefs, 
it gives out the oil it contains. This oil is very emollient, 
and is ufed externally as a liniment. There is the greateft 
analogy between the egg of animals and the feeds of vege- 
tables ; fmce both contain an oil rendered foluble in water 
by the admixture of a glutinous fubftance. 

The yolk of egg renders oils and refins foluble ; and this 
fubftance is accordingly much ufed for that purpofe. 

Calcined egg-fhells is an abforbent. 

White of egg is fuccefsfully ufed to clarify vegetable 
juices, whey, liquors, &c. It coagulates by heat ; and then 
rifes to the furface of thefe fluids, carrying with it all the 
impurities they contain. 



ARTICLE IV. 
Concerning certain Products afforded by Infects. 

Millepedes, cantharides, kermes, cochenille, and lac, are 
the only fubftances we fhall here treat of, becaufe thefe are 
not only the molt ufed, but are likewife the bed known 
among the products of infects. 

1. Cantharides. — The cantharides are fmall infects with 
greenifh wings. They are very common in hot countries ; 
and are found on the leaves of the afh, the rofe-tree, the 
poplar, the walnut-tree, the privet, &c. 

Cantharides in powder, applied to the epidermis, caufe 
blifters, excite heat in the urine, ftrangury, thirft and fever. 
They produce the fame effect taken internally in a fm ill 
dole. We read in Pare that a courtezan having preferred 
a rao-out powdered with cantharides to a young man who 
fupped with her, this unfortunate perfon was attacked with 
a priapifm, and lofs of blood by the anus, of which he died. 
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Boyle affirms that pains at the neck of the bladder have 
been produced by the handling of cantharides. 

We are indebted to Mr. Thouvenel for fome informa- 
tion refpecting the conftituent principles of thefe infects. 
Water extracts a very abundant principle, which colours it 
of a reddifh yellow, and alfo a yellowifh oily principle. 
Ether takes up a green very acrid oil, in which the virtue 
of the cantharides mod eminently refidcs. So that an 
ounce of cantharides affords — 

Reddifh yellow bitter extraft - 
Yellow oily matter - - 

Green oily fubftance, analogous to wax 
Parenchyma, infoluble in water and alcohol 



To form a tincture which unites all the properties of 
cantharides, a mixture muff, be made of equal parts of water 
and of alcohol, and the infects digefled in it. If this tinc- 
ture be diftilled, the fpirit which comes over retains the 
fmell of cantharides. 

If fpirit of wine alone be ufed, it takes up merely the cauf- 
tic part : hence it appears that the virtue of thefe infects 
may beincreafed or diminifhed according to the exigence 
of the cafe. 

The tincture of cantharides may be ufed with fuccefs ex- 
ternally, in the dofe of two gros, four gros, one or even 
two ounces, in rheumatic pains, fciatica, wandering gout, 
&c. It heats the parts ; accelerates the circulation ; excites 
evacuations by perfpiration, urine or ftool, according to the 
parts to which it is applied. 

Mr. Thouvenel tried upon himfelf the effect of the green 
waxy matter. When applied on the (kin in the dofe of 
nine grains, it raifed a buffer full of ferofity. 

2. The wood-lice, millepedes, afelli, porcelli. — This in- 
fect is ufually found in moift places, under ftones, or beneath 
the bark of old trees. It avoids the light, and endeavours 
to conceal itfelf when difcovered. When it is touched, it 
rolls up in the form of a globe. This infect is ufed in medi- 
cine as an incifive, aperitive, and alterative remedy. It is 
prefcribed either pounded alive, and put into a proper liquid; 
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or dried and pulverized, in which laft form they enter into 
extracts, pills, &c. The millipedes are given in the dofe of 
fourteen, fifteen, and twenty grains, or more, according to 
the exigency of the cafe. Mr. Thouvenel has given us fome 
information concerning the conftituent principles of thefe 
infe&s. He obtained by diftillation an infipid or alkaline 
phlegm ; the refidue afforded an extractive matter, an oily 
or waxy fubflance foluble in fpirit of wine only, and marine 
fait with an earthy and an alkaline bafe. 

3. Cochenille. — Cochenille is a fubflance ufed in dying 
fcarlet and purple. It is met with in commerce in the form 
of fmallgrains of a fingular figure, moftly convex with little 
grooves on one fide, and concave on the other. The colour 
of good cohcenille is grey mixed with reddifh and white. It 
is at prefent well determined that it is an infecT:. Simple 
infpe&ion with a magnifier fufficiently proves this : and the 
wings and feet of this infect may be developed by expofing 
it to the vapour of boiling water, or by digefting it with 
vinegar. The cochenille is colle&ed in Mexico, upon plants 
to which the names of Indian Fig, Raquette Nopal, are gi- 
ven. Thefe plants bear fruits which refemble our figs ; 
tinge the urine of thofe who eat them ; and probably com- 
municate to the cochenille the property which makes it ufe- 
ful to the dyer. The Indians of Mexico cultivate the nopal 
near their habitations, and fow as it were the infecl which 
affords the cochenille. They make fmall neftsofmofs or 
fine herbs, put twelve or fourteen cochenilles into each neft, 
place three or four of thefe nefts on each leaf of the nopal, 
and faflen them there by the prickles of the plant ; in the 
courfe of a few days, thoufands of fmall infecls iffue out 
and fix themfelves upon the parts of the leaf which are belt 
fheltered, and afford the mod nourifhment. The coche- 
nilles are collected feveral times in the courfe of the year ; 
and are deprived of life by fcalding them, or by putting 
them into an oven ; after which they are dried in the fun. 
Two kinds of cochenille are diftinguifhed : the one which 
is produced without culture, and is called Sylveflre ; and 
the other cultivated, which is called Mefteque. This laft 
is preferred. It has been calculated, in the year 1736, that 
eight hundred and eighty thoufand pounds weight of coche- 
nille was annually imported into Europe. . Mr. Ellis has 
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communicated a very good defcription of the cochenille 
to the Royal Society of London. 

This fubftance is more efpecially ufed in dying : its colour 
takes readily upon wool ; and the mod fuitable mordant is 
the muriate of tin. Mr. Macquer has difcovered a method 
of fixing this colour upon filk, by impregnating the filk 
with a folution of tin before it is plunged into the bath of 
cochenille ; inftead of mixing a folution in the baths, as is 
done for woollens. 

4. Kermes. — Kermes is a kind of excrefcence, ofthefize 
of a juniper-berry, which is greatly employed in medicine 
and the arts. 

The tree which bears it is known by the name of Quercus 
Ilex. It grows in hot countries ; in Spain, Languedoc, Pro- 
vence, &c. The female of the coccus fixes itfelf on the 
plant ; it has no wings, but the male has. When me is fe- 
cundated, fhe becomes large by the developement of her 
eggs ; flie periihes, and the eggs are hatched. It is collect- 
ed before the developement of the eggs; for which purpofe, 
the morning is taken, before the heat has afted upon the 
eggs. The grains are collected and dried, to develope the 
red colour ; they are then fifted, to feparate the powder ; 
and laflly they are fprinkled with good vinegar, to kill the 
infed, which would other wife come forth in a fhort time. 

Kermes is much ufed in the arts : it affords a good red, but 
lefs brilliant than that of the cochenille. 

Avery celebrated fyrup of kermes is made, by mixing 
three parts of fugar with one of the grains of kermes pulve- 
rized. The mixture is kept for a day in a cool place : the 
fugar during this time unites with the juice of the kermes ; 
and forms with it a liquor which, when drawn off by ex- 
preflion, has the confidence of fyrup. The celebrated con- 
f eclio alkermes is made with this fyrup. 

The grains of kermes given in fubftance, from half a 
fc.ruple to a gros or dram, are celebrated for preventing 
abortion. 

The grain and the fyrup of kermes are an excellent fto- 
machic. 

5. Lac, or gum-lac. — This is a kind of wax, collected by 
red winged ants from flowers in the Eaft-Indies, which they 
trail . thefmall branches of the tree where they make 
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their rlefts. The nefts are full of fmall cells, in which a 
red gn*in is found when the mafs is broken. This fmall 
grain is, to all appearance, the egg from which the flying- 
ant derives its origin. 

Mr. Geoffroy has proved, in a Memoir inferted among 
thofe of the Academy for the year 1 7 14, that this mull have 
been a kind of comb, approaching to the honeycomb of 
bees, the cells of which are formed of a fubftance analogous 
to wax*. 

The colouring part of lac may be taken up by water, 
which, when evaporated, leaves the colouring principle dif- 
engaged. It is the fine lake ufed for dying. Lake is imi- 
tated by extracting the colouring principle of certain plants 
by well-known procefTes. 



CHAPTER. XI. 

Concerning fome other Acids extracted from the Animal Kinj 

doiri. 



I 



NDEPENDENT of the acids afforded by the va- 
rious parts of the human body, which have been feparately 
examined by us, we find acids in moil infe&s. Lifter points 
out one which may be extracted from millepedes (Collect. 
Acad. torn. ii. p. 303). Mr. Bonnet has obferved that the 
fluid ejected by the great forked-tail caterpillar of the wil- 
low, was a true acid, and even very active (Savans Etrangers, 
torn. ii. p. 276) : Bergmann compares it to the mod concen- 
trated vinegar. The abbe Boiffier de Sauvages has remark- 
ed, that in that illnei's of the filk-worm, which is called muf- 
cardin, the humour of the worm is acid. Mr. Chauflier of 
Dijon obtained an acid from grafs-hoppers, from the May- 
bug, from the lampyris, and feveral other infects, by digelt- 
iiig them in alcohol. The fame chemift has made an inte- 
resting courfe of experiments on the acid of the filk-worm. 
He gives two methods of extracting it. The firfl confifts in 

* For a defcription and drawing of ths infeft which affords the lac, confult Keir in the 
Philof. Tranf. vol. Ixxi. p. 374> a ^° Saunders, in the farr.e work, vol. Ixxix for themethod 
of purifying the iac ; or a fhoit abridgment of both, in Nicholfon's Firft Principles of C se- 
Riiitry, p. 490. T- 
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bruifing the chryfalides, and {training them through t cloth. 
The fluid which pafles is ftrongly acid ; but the acid is weak- 
ened by various foreign fubftances, of which it may be clear- 
ed by digeftion in fpirit of wine. The fluid which pafles 
the filtre after this digeftion, is of a fine orange colour. 
More fpirit of wine is to be poured upon it. At every ad- 
dition of fpirit a light whitifh precipitate is formed ; and the 
additions of fpirit are to be continued until no more preci- 
tate appears. 

Inftead of bruifing the chryfalides they may be infufed 
in fpirit of wine, which diffolves all the acid ; and as this 
acid is lefs volatile than the fpirit, this laft may be evaporat- 
ed, and the refidue filtered. By thefe precautions the acid 
may be cleared of its fpirit of wine, and of the mucous 
matter which was diflblved, but remains on the filtre. 

Mr. Chauflier has proved that this acid exifts in all the 
ftates of the filk-worm, even in the eggs ; but that in the 
egg and in the worm it does not exift in a difengaged flate, 
but combined with a gummy glutinous fnbftance. 

The acids of infects which is bed known, and upon which 
moft has been written, is the acid of ants, or the formic 
acid. This acid is fo far in a difengaged ftate, that the tran- 
fpiration of thefe animals, and their fimple contact without 
any alteration, proves its exiftence. 

The authors of the fifteenth century had obferved, that the 
flower of chickory thrown into an ant-hill becomes as red as 
blood. — See Langham, Hieronimus Tragus, John Bauhin. 

Samuel Fifher is the firft who discovered the acid of ants, 
in a courfe of experiments for the analyfis of animal fubftan- 
ces by diftillation. He even tried its action on lead and 
iron ; and communicated his obfervations to J. Vray, who 
inferted them in the Philofophical Traniactions in the year 
1670. But it was the celebrated Margraaf who more par- 
ticularly examined the properties of this acid in 1749. He 
combined it with many fubftances, and concluded that it 
greatly refembled the acetous acid. In 1777 this fubject 
was again refumed by Meffrs. Ardvidflbn and Oerhn ; and 
treated in a manner which leaves little to be defired, in their 
diflertation publifhed at Leipfic. 

The ant which affords the greater! quantity of acid, is the 
large red ant which is found in dry and elevated, places. 
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The months of June and July are mod favourable for 
the extraction of this acid : they are then fo penetrated 
with it, that their fimple paffing over blue paper is fuffici- 
ent to turn it red. 

Two methods may be ufed to obtain this acid : diftilla- 
tion and lixiviation. 

To extract the acid by diftillation, the ants are firfl dried 
by a gentle heat, and put into a retort, to which a receiver 
is adapted, and the fire is raifed by degrees. When all the 
acid is come over, it is found in the receiver mixed with a 
fm.ill quantity of empyreumatic oil, which floats upon it, 
and may be feparated by a funnel. Meffrs. Ardvidffon and 
Oerhn obtained, in this manner, from each pound of ants 
feven ounces and a half of an acid whofe fpecific gravity, at 
the temperature of fifteen degrees, was to that of water as 

1,0075 t0 IjOOOO' 

In the procefs of lixiviation, the ants are waihed in cold 
water ; and boiling water is afterwards poured over them, 
which is filtered when cold. More boiling water is poured 
over the refidue, and likewife filtered when cold. By this 
means one pound of ants affords a pint of acid as flrong as 
vinegar, and of a greater fpecific gravity. Meffrs. Ardvidf* 
fon and Oerhn are of opinion that this acid might be fub- 
flituted inftead of vinegar for domeftic ufes- 

The acid obtained by thefe proceffes is never pure ; but 
it may be purified by repeated diflillations, which difengage 
the ponderous and volatile oil, and render the acid as clear 
as water. This acid, when rectified by this procefs, was 
found by Meffrs. Ardvidllbn and Oerhn to have a fpecific 
gravity of 1,001 1 to 1. 

The acid of ants may likewife be obtained by placing linen 
cloths impregnated with alkali in an ant-hill. From thefe 
the formiate of pot-afh, of foda, and ammoniac, may be ob- 
tained by lixiviation. The formic acid has fome refem- 
blance to the acetous acid ; but the identity of thefe two 
acids has not yet been proved. Mr. Thouvenel found more 
analogy between it and the phofphoric acid : but all this 
wants proof. 

The formic acid retains water with fo much force, that it 
cannot be entirelv deprived of it by diftillation. When it is 

4 T 
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exceedingly pure, its fpecific gravity is to that of water as 

i><H53 ,D i- 

It affects the nofe and the eyes in a peculiar manner, 

which is not difagreeable. Its tafte is penetrating and 

burning when pure, but agreeable when diluted with water. 

It poffeffes all the characters of acids. 

When boiled with the fulphuric acid, it turns black as 
foon as the mixture is heated. White penetrating vapours 
arife ; and when it boils a gas is emitted, which unites dif- 
ficultly with diftilled water, or with lime-water. The formic 
acid is decompofed in this operation, for it is obtained in 
lels quantity. 

The nitric acid diftilled from it, deftroys it completely; 
a gas ariies which renders lime-water turbid, and is diffi- 
cultly and fpavingly foluble in water. 

The muriatic acid only mixes with it, but the oxigenated 
muriatic acid decompofes it. 

Meflrs- ArdvidfTon and Oerhn have determined the affi- 
nities of this acid with various bafis in the following order : 
barytes, potafh, foda, lime, magnefia, ammoniac, zinc,man- 
ganefe, iron, lead, tin, cobalt, copper, nickel, bifmuth, fil- 
ver, alumine, eflfential oils, water. 

This acid mixes perfectly with fpirit of wine. It unites 
difficultly with the fixed oils, and with the volatile oils, by 
the affiftance of heat. It attacks foot ; affumes a fawn co- 
lour ; and lets fall a brown fediment as it cools, which by 
diftillation affords a liquor of a yellowifli colour and a dii- 
agreeable finell, accompanied with elaflic vapours. 



CHAPTER XL 
Concerning Putrefaction. 

L VERY living body, when once deprived of life, 
performs a retrograde procefs, and becomes decompofed. 
This decompofition is called Fermentation in vegetables, 
and Putrefaction in animal fubftances. The fame caufes, the 
fame agents, and the fame circumflances, determine and fa- 
vour the decompofition of vegetables and animals, and the 
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difference of the productions which are obtained, arifes 
from the difference of the conflituent parts of each. 

Air is the principal agent of animal decompofition, but 
water and heat prodijoufly facilitate its action. " Fermen- 
tatio ergo defmitur quod fitc orporis denfioris rarefactio, par- 
ticularumque aerearum interpofitio : ex quo concluditur de- 
bere in aere fieri nee nimium frigido, ne rarefactao impedia- 
tur ; nee nimium calido, ne partes raribiles expellantur." — 
Becher, Phyf. Sub. lib. i. f. 5. p. 313. edit. Francofurti. 

An animal fubftance may be preferved from putrefaction 
by depriving it of the contact of air ; and this procefs may 
be accelerated or retarded by varying or modifying the pu- 
rity of the fame fluid* 

In thofe circumftances wherein we fee pulrefacf ion develo- 
ped without the contact of atmofpherical air, the effect is 
produced by the water which impregnates the animal fub- 
ftance, which becomes decompofed, and affords the element 
and the agent of putrefaction. Hence no doubt it arifes that 
putrefaction is obferved in flelh clofed in a vacuum. — See 
Lyons, Tertamen de Putrefacfione. 

Moifture is likewife an indifpenfable requinte to facilitate 
putrefaction ; and any fubftance maybe defended from this 
change by completely drying it. This was performed by 
Villaris and Cazalet of Bordeaux, by means of (toves. The 
meat thus prepared was preferved for feveral years without 
having contracted any bad flavour. The fands and light po- 
rous earths, preferve the bodies of men only by virtue of the 
property of exhaufting their juices, and drying the folids. 
From. this caufe it is that entire caravans have been difcover- 
ed in ^rabia, confining of men and camels perfectly prefer- 
ved in the fands under which the impetuous winds have bu- 
ried them. In the library of Trinity Coilege of Cambridge, 
in England, a hunan body may be feen perfectly preferved, 
which was found under the fand in the ifland of Tenenffe. 
Too much humidity impedes putrefaction, according to the 
obfervation of the celebrated Becher : " is'imia quoque hu- 
miditas a putrefadtione impedit, prout nimius calor ; nam 
corpora in aqua potius gradatim confumi quam putrefcere, fi 
nova femper amuens fit, experientia docet : unde longo tem- 
pore inre^ra interdum Mibrnerfa prorfus a putrefaciione im- 
inunia vidimus j adeo ut nobis al io fpeculatio occurre- 
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ret tractando, tali modo cadavera anatomise fubjiciendo, quo 
diutius a foetore et putrefactione immunia forent." Phyf. 
Sub. lib. i f. 5. cap. 1. p. 277. 

In order therefore that a body may putrefy, it is necef- 
fary that it mould be impregnated with water, but not that 
it mould be inundated. It is likewife necefTary that this 
water mould remain in the texture of the animal body, with, 
out being renewed. This condition is requifite — 1. To 
diffolve the lymph, and to prefent to the air the mod putref- 
cible fubftance with the greateft extent of furface. 2. In or- 
der that the water may itfelf become decompofed, and by 
this means afford the putrefactive principle. Putrefaction is 
retarded and fufpended by baking, becaufe the flefh is dried, 
and by that means deprived of the humidity, which is one of 
the mod active principles of its decomposition. 

A moderate degree of heat is likewife a condition favour- 
able to the animal decompofition. By this heat the affinity 
of aggregation between the parts is weakened, and confe- 
quently they affumea ftronger tendency tonewcombinations. 
Hence/it arifes that flefh meat keeps longer during the win- 
ter than the fummer,and betterincold than in hot countries. 
Becher has given a very intelligent fketch of the influence 
of temperature on animal putrefaction: " Aer calidus et 

humidus maxime ad putrefactionem facit corpora 

frigida et ficca difficulter, imo aliqua prorfus non putrefcunt, 
quae ab imperitis proinde pro fanctis habita fuere ; ita aer 
frigidus et ficcus, imprimis calidus et ficcus, a putrefactione 
quoque prefervat : quod in Hifpania videmus, et locis aliis 
calidis, ficco, calido aere prasditus, ubi corpora non putref- 
cunt et refolvantur ; nam cadavera in oriente in arena, imo 
apud nos arte in furnis, ficcari, et fie ad fVnem mundi ufque 
a putredine praefervari, certum eft: intenfum quoqwe frigtis 
a putredine prasfervare ; unde corpora Stock holmise tota 
hyeme inpatibulo fufpenfa fine putredine animadvertimus." 
Phyf. Sub. 1. i. cap. 1. 

Such are the caufes which are capable of determining and 
favouring putrefaction ; and hence we may perceive the beft 
means of preventing, increafing, or modifying it at pleafure. 
A body will be preserved from putrefaction by depriving it 
of the contact of atmospherical air : for this purpofe nothing 
more is required than to place the body in a vacuum, or to 
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envelop it in a covering which may defend it from the imme- 
diate action of the air ; or elfe to envelop it in an atmof- 
phcre of fome gafeous fubftance which does not contain vital 
air. We mall obferve, on this fubject, that the effects ob- 
ferved in flem expofed in the carbonic acid, nitrogene gas, 
&c. are referable to a fimilar caufe ; and it appears to me 
that it is without fuificient proof that a conclulion has been 
drawn, that thefe fame gafes, internally taken, ought to be 
confidered as antifeptic ; becaufe, in the cafes we have men- 
tioned, they act only by defending the bodies they furround 
from the contact: of vital air,which is the principle of putre- 
faction. Putrefaction may be favoured by keeping bodies 
at a fuitable temperature. A degree of heat from fifteen to 
twenty-five degrees diminifhes the adhefion of the parts, and 
favours the action of the air : but if the heat be greater it 
volatilizes the aqueous principle, dries the folids,and retards 
the putrefaction. It is neceffary, therefore, for the decom- 
pofition of an animal — 1. That it have the contact of atmof- 
pheric air; and the purer this air is, the more fpeedy will 
be the putrefaction. 2. That it be expofed to a moderate 
degree of heat. 3. That its texture be impregnated with 
humidity. — The experiments of Pringle,Macbride,Gardane 
have likewife fhewn us, that putrefaction may be baftened 
by fprinkling the animal fubftances with water containing a 
fmall quantity of fait; and it is to a like caufe that we ought 
to refer feveral proceifes ufed in kitchens to produce this ef- 
fect in food, as well as in the preparation of cheefe, the 
curing of tobacco, the making of bread, &c. 

Becher expreffes himfelf as follows on the caufes which 
produce putrefaction in living bodies: — " Caufa putrefac- ' 
tionis primaria delectus fpiritus vitalis balfamini eft; fecun- 
daria, deinde, aer externus ambicus, qui interdum adeo pu- 
trefaeienset humid us-caliduseft,utiuperftitumin vivisetiam 
corporibus balfaminum,fpiritum vincat,nih* confortando au- 
geatur; ex quo colligi poteft, prefervantia a putredine lubti- 
lia ignea oleofa effe debere." — This celebrated chemifl con- 
cludes, from the fame principles, that ligatures, copious 
bleedings, or any debilitation whatever, determines putre- 
faction. He likewife thinks that aftringents oppofe putre- 
faction only by condenfing the texture of the animal parts; 
for he confiders rarefaction or relaxation as the nrit effect of 
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putrefaction. He thinks that fpirituous liquors act as anti- 
putrefcent merely by animating and ftimulating the vis vita:. 
He affirms that the ufe of faked meats, which heat much, 
adided by the moidure very common in fliips and fea ports, 
produces thefcurvy; and he obferves, with rcafon, that the 
tendency and eifect of putrefaction are diametrically oppo- 
fite to thofe of generation : " nam ficut in generatione 
partes coagulantur et in corpus formantur, ita in putrefac- 
tione partes refolvuntur et quafi informes hunt." 

As the phenomena of putrefaction vary according to the 
nature of the fubftances themfelves, and the circumdances 
which accompany this operation, it follows that it mud be 
very difficult to defcribe all the phenomena which it exhi- 
bits. We lhall therefore endeavour to trace only thofe 
which appear to be the moll: condant. 

Every animal fubflance expofed to the air at a tempera- 
ture above ten degrees of Reaumur, and moidened with its 
own ferous humour, putrefies; and the progrefs of this al- 
teration appears in the following order. 

The colour fir ft; becomes pale; its confidence diminimes; 
its texture becomes relaxed; the peculiar fmell of frefh meat 
difappears,and is fucceeded by a faint and difagreeable Imell. 
The colour itfelf at this time inclines to blue; as we fee in 
game which begins to turn, in wounds which fall into fup- 
poration, in the various parts threatened with gangrene, 
and even in that putrefaction of the curd which forms 
cheefe. Mod of our food Aiders the firft degree of putre- 
faction before we ufe it. 

After this firft period the animal parts become more and 
more foftened, the fmell becomes fetid, and the colour of 
anobfeure brown; the fibrous part eafily breaks; the tex- 
ture becomes dry, if the putrefaction be carried on in the 
open air; but the furface becomes covered with fmall drops 
of fluid, if the decompofition be made in veffels which op- 
pofe its evaporation. 

To this period fucceeds that which mod minutely cha- 
racterizes animal putrefaction. The putrid and naufeous 
fmell which was manifefted in the fecond degree, 1 eeomes 
mixed with a fmell of a more penetrating kind, arifing 
from the difengagement of ammoniacal gas : the mafs be- 
comes frill lefs and iefs confident. 
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The lad degree of decompofition has its peculiar charac- 
ters. The fmell becomes faint, naufeous, and exceedingly 
active. This, more efpecially, is contagious, and tranf- 
mits the feeds of infection to a great diftance : it is a true 
ferment, which depofits itfelf upon certain bodies, to ap- 
pear again at long intervals. Van Swieten reports, that 
the plague having appeared at Vienna in 1677, and having 
again appeared in 1713, the houfes which had been in- 
fected at its firft appearance were likewife infected at the 
fecond. Van Helmont afierts that a woman contracted an 
anthrax at the extremity of her fingers, in confequence of 
having touched papers impregnated with pefrilential virus. 
Alexander Benedictus has written that pillows re-produced 
the contagion feven years after having been infected ; that 
cords had remained infected for thirty years, and likewife 
communicated it, according to Foreftus. The plague at 
Meflina was for a long time concentrated in the warehoufes 
where merchandize was enclofed with fufpected bales. 
Mead has tranfmitted the mod alarming facts concerning- 
the durable impreffion of contagion. 

When the putrefying fubftance is in its lait ftage, the 
fibrous texture is fcarcely difcernable, and has no longer 
any appearance but that of foft, diforganized and putrid 
iaafs. Bubbles are feen to efcape from the furface of this 
matter ; and the whole ends by its drying, and becoming 
reduced to an earthy matter, which is friable when taken 
between the fingers. 

We do not fpeak of the production of worms ; becanfe 
it appears to be proved that they owe their origin onlv to 
the flies which endeavour to depofit their eggs upon fuch 
bodies as are belt fuited to fupport the young they contain. 
If flefh meat be well warned, and left to putrefy under a 
fieve, it will pafs through all the degrees of putrefaction 
without the appearance of worms. It has been obferved 
that worms are of a different fpecies, according to the na- 
ture of the difeafe, and the kind of animal which putrefies. 
The exhalation which arifes from bodies, in thefe different 
cafes, attracts different fpecies of infects, according to its 
nature. The opinion of thofe who believe in fpontaneous 
generation, appears to me to be contrary to the experience 
and wifdom of nature, which cannot have 'committed the 
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re-produftion and number of the fpecies to chance. The 
progrefs of nature is the fame for all the claffes of in- 
dividuals ; and fince it is proved that all the known fpe- 
cies are re-produced in one and the fame manner, how can 
we fuppofe that nature departs from her plain and general 
laws for the fmall number of individuals whofe generation is 
lefs known to us ? 

Becher had the courage to make obfervations, during 
the courfe of a year, upon the decompofition of a carcafe 
in the open air ; and to obferve all the phenomena. The 
firft vapour which rifes, fays he, is fubtile and naufeous : 
fome days after, it has a certain four and penetrating fmell. 
After the firft weeks, the flrin becomes covered with a 
down, and appears yellowifli ; greenifh fpots are formed 
in various places, which afterwards become livid and black ; 
a thick moffy or mouldy fubftance then covers the greatelt 
part of the body ; the fpots open, and emit a fanies. 

Carcafes buried in the earth prefent very different phe- 
nomena; the decompofition in a burying-ground is at leaft 
four times as flow. It is not perfectly ended, according to 
Mr. Petit, till three years after the body has been interred, 
at the depth of four feet ; and it is flower in proportion as 
the body is buried at a greater depth. Thefe fafts agree 
with the principles which we have already eftablifhed for 
bodies buried in the earth, and fubjecled to laws of de- 
compofition very different from thofe which take place in 
bodies expofed to the open air. In this cafe the decompo- 
fition is favoured. by the waters which filter through the 
earth, and diffolve and carry with them the animal juices. 
It is alfo favoured by the earth, which abforbs the juices 
with more or lefs facility. Meffrs. I, emery, Geoffroy, and 
Hunaud have proved that argillaceous earths exert a very 
flow aclion upon bodies ; but when the earths are porous 
and light, the bodies then dry very fpeedily. The feveral 
principles of bodies abforbed by the earth, or carried by 
the vapours, are difperfed through a great fpace, imbibed 
by the roots of vegetables, and gradually decompolcd. 
This is what paffes in burying-grounds in the open air ; but 
it is very far from being applicable to che fepulchres which 
are made in churches and covered places. I -ere is neither 
water nor vegetation; and confequemly no caufe whichcan 
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carry away, difiolve, or change the nature of the animal 
fluid? : and I cannotbut applaud the wifdom of government, 
which has prohibited the burying in churches ; a practice 
which was once a 'ubjecl of horror and infection. 

The accidents which have happened at the opening of 
graves and vaults are but too numerous, to render any apo- 
logy neceifary for our fpeaking a few words refpecVng the 
method of preventing then. 

The decomposition of a body in the bowels of the earth 
can never be dangerous, provided it be buried at a fufficient 
depth, and that the grave be not opened before its entire 
and complete decompofition. The depth of the grave ought 
to be fuch that the external air cannot penetrate it j that 
the juices w'th which the earth is impregnated may not be 
conveyed to its furface ; and that the exhalations, vapours, 
or gafes, which are developed or formed by decompofition, 
fhould not be capable of forcing the earthy covering which 
detains them. The nature of the earth in which the grave 
is dug, influences all its effects. If the ftratum which co- 
vers the body be argillaceous, the depth of the grave may 
be lefs, as this earth difficultly affords a paffage to gas and 
vapour ; but in general it is admitted to be neceifary that 
bodies fhould be buried at the depth of five feet, to prevent 
all thefe unhappy accidents. It is likewife neceifary to at- 
tend to the circumftance, that a grave ought not to be open- 
ed before the complete decompofition of the body. This 
decompofition, according to Mr. Petit, is not perfect Until 
the expiration of three years, in graves of four feet depth ^ 
or four years, when they are fix feet deep. This term af- 
fords many varieties, according to the nature of the earth, 
and the conftitution of the fubje&s buried in it; but we raaf 
coniider it as a medium. The pernicious cuftom which al- 
lows a fingle grave to families more or lefs numerous, ought 
therefore to be fuppreffed ; for in this cafe the fame gravs 
may be opened before the time prefcribed. Thefe are abuie^ 
which ought to occupy the attention of government; and it 
is time that the vanity of individuals mould be facrificed to 
the public fafety. It is likewife neceifary to prohibit bury- 
ing in vaults, and even in coffins. In the iirlt cafe, the 
principles of the bodies are fpread into the air, and in 

4 U 
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it ; in the fecond, their decompofition is flower and Icfs 
perfect. 

If thefe precautions be negle&ed ; if the dead bodies be 
heaped together in too confined a fpace; if the earth be not 
proper to abforb the juices, and decompofe them ; if the 
grave beopened before the entire decompofition oi' the body 
-—unhappy accidents will, no doubt, be produced ; and thefe 
accidents are but too common in great towns where every 
wife precaution is neglected. An inftance of this happened 
when the ground of the church of St. Benoit at Paris was 
dug up a few years ago ; a naufeous vapour was emitted, 
and feveral of the neighbours were affe&ed by it. The 
earth which was taken out of this grave was unctuous, vif- 
cid, and emitted an infectious fmell. Meffrs. Maret and 
Navier have left us feveral fimilar obfervations. 



Concerning Mineral Waters. 

X HE name of Mineral Water is given to any 
water whatever which is fuftciently loaded with foreign 
principles to produce an effect upon the human body, dif- 
ferent from that which is produced by the waters commonly 
ufed for drink. 

Men, doubtlefs, were not long in attending to the differ- 
ences of waters. Our anceftors appear even to have been 
more ftrictly attentive than ourfelves to procure wholefome 
drink. It was almoft always the nature of the water which 
determined their preference in the fituation of towns, the 
choice of habitations, and confequently the union of citizens. 
The fmell, the tafte, and more efpecially the effects of wa- 
ters upon the animal economy, have been thought fufficient, 
during a long time, to determine their nature. We may 
fee, in the writings of Hippocrates, how much observation 
and genius are capable of performing in fubjects of this na- 
ture. This great man, of whom it would afford but a very 
imperfect idea to confider him merely as the Father of Me- 
dicine, was fo well acquainted with the influence of water 
upon the human body, that he affirms that the mere quality 
of their ufual drink is capable of modifying and producing 
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a difference between men ; and he recommends to young 
phyficians to attend more particularly to the nature of the 
waters their patients ought to ufe. We fee the Romans, 
who were frequently under the neceftity of fettling in parch- 
ed climates, fpared no exertions to procure wholeibme wa- 
ter to their colonies. The famous aqueduct which carried 
the water of Uzes to Nilmes, is an unequivocal proof of 
this ; and we flill poflefs fevsral mineral fpriags at which 
they formed colonies, for the advantage of the baths. 

It was not till near the feventeenth century that the ap- 
plication of chemical methods to the examination of waters 
was firft made. We are indebted to the prefent revolution 
of chemlftry for the degree of perfection to which this ana- 
lyfis has been carried. 

The analyfis of waters appears to me to be neceffary, in 
order — 

i. That we may not make ufe of any water for drink but 
fuch as is wholefome. 

2. That we may become acquainted with thofe which 
poffefs medicinal virtues, and apply them to the ufesto 
which they are fuited. 

3. To appropriate to the different works or manufactories 
that, kind of water which is the bed calculated for their re- 
fpedive purpofes. 

4. To correct impure waters, or fuch as are either impreg- 
nated with any noxious principle, or charged with any fait. 

5. To imitate the known mineral waters, in all places and 
at all times. 

The analyfis of mineral waters is one of the moft difficult 
problems of cheinitry. In order to make a perfect analyfis, 
it is necefTary to be aware of all the diftinctive characters of 
the fubitances which may be held in folution in any water. 
The operator mud be acquainted with the means of feparat- 
ing from an almolt infeniible refidue the different iubftances 
which cornpofe it. He n.ufl be able to appreciate the na- 
ture and quantity of the products which are carried off by 
evaporation; and likewife to afcertain whether certain com- 
pounds are not formed by the operations of his analyfis, 
while others may be decompofed. 

The fubflances contained in waters are held either in fuf- 
penfion or in folution. 
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i. Thofe fubftances which are capable of being fufpend- 
ed in waters are, clav, filex in a (late of divifion, calcareous 
earth, magnelia, &c. 

Thofe which are foluble are, pure air, the carbonic acid, 
pu"e or compound alkalis, lime, magnefia the fulphates,the 
muriates, the extractive matter of plants, hepatic gas, &c. 
The moft ancient, the molt general, and the mod fimple di- 
vifion of mineral waters, is that which diftinguifhes them 
into cold waters and hot or thermal waters, accordingly as 
their temperature is the fame, or exceeds that of common 
water. 

A divifion founded on the feveral qualities of thefe wa- 
ters, will arrange them in four clafTes. 

I. Acidulous or Gafeous Waters. — The r e are known by 
their peneuating talte ; the facility with which they boil; 
the di'enga ement of bubbles by fimple agitation, or even 
by "mere itanding ; the property of reddening the tintturc 
of turnsole ; the precipitating lime-water, &c. 

They are either cold or hot The firfl are thofe of Seltz, 
of ( hateldon, of Vals, of Perols, &e. 1'hefecond are thofe 
of Vichi, of Montd'or, of Chatelguyon, &c. 

II. Saline V\ aters, properly lb called. — Thefe are charac- 
terised by their faline tafie, which is modified according to 
the nature of the falts they contain. The falts mod gene- 
rally found in waters are, the muriate of magnefia, the ful- 
rjhares of lloda, of lime, &c. Our waters of Balaruc, of 

I eufet, &c. are of this nature. 

III. Sulphureou W -er^. — Thefe waters have long been 
corfidered as holding fulphur in folution. Mefirs. Venel 
and Monnet oppofed this aflertion. Bergmann has proved 
tl t moft of thefe waters are merely impregnated with he- 
patic gas. It appears, however, that there are fome which 
hold true liver of iulphur in folution, fuch as thofe of Bare- 
ges and of Cotteret; whereas the waters of Aix la Chapelle, 
Mont.no: ency, &c are of the nature of thofe mentioned by 
Bergmann. We may, with Mr. de Fourcroy, call the firft 
by the name of Hepatic Warers, and the latter by the name 
of Mepatized Waters. 

This clafs is known by the fmell of rotten eggs which 
they emit. 
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IV. Martial Waters. — Thefe have the property of exhi- 
biting a blue colour by the folurion of pruffiate of lime: they 
have befie'es a very evident a'tringent tafte. the iron is 
held in folution either by the carbonic or thefulphuric acid. 
In the fir ft cafe the acid is euher in excefs, and the water 
has a penetrating fubacid taite,as the waters of BuiTang, Spa, 
Pyrmont, Pougue, &c or the acid is not in excels, and 
confequently the waters are not acidulous ; fuch are the 
waters of Forges, Conde, Aumale, &c. Sometimes the 
iron is combined with the fulphuric acid, and the water holds 
in folution a true fulphate of iron. Mr. ( poix admits this 
fait in the waters of Provins ; and thofe of Rougne near 
Alais are almoit faturated with it. Mineral waters of this 
quality are frequently found in the vicinity of ftrara of py- 
rites. There are feveral near Amalou, and in the diocefe 
of Uzes. 

'1 here are fome waters which may be placed indifcrimi- 
nately in feveral of the claries- Thus, for example, there 
are faline waters which may be confounded with gafeous 
waters, becaule air is conftantly difengaged from them. The 
waters of Balaruc are of this kind. 

We do not comprehend among mineral waters thofe which 
fuffer gas to efcape through them, without communicating 
any characteriftic property ; fuch as the burning i'pring of 
Bauphiny, &c. 

\\ hen the nature of any water is a r certained, its analyfis 
may be proceeded upon by the union of chemical and phy- 
sical means. I call thofe methods phyfical, which are ufed 
to afcertain certain properties of water without decompofing 
them. Thefe methods are, for the moil part, fuch as may 
be carried into effect at the fpring itfelf. \ he appearance, 
the fmell, and the tafte afford indications by no means to be 
neglected. 

The limpidity of any water indicates its purity, or at lead 
the accurate folution of the foreign principles it may contain; 
an imperfect tranfparency denotes that foreign fubftances 
are fufpen Jed. Good water has no fmell : the fmell of rot- 
ten eggs denotes liver of iulphur, or hepatic gas ; a iubtle 
and penetrating fmell is proper to acidulous waters ; and a 
fetid fmell characterizes (tagnant waters. 

The bitternefs of waters in general depends on neutral 
(alts. Lime, and the lulphates, give them an auftere tafte. 
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^ It is likewife of importance to afcertain the fpecific gra- 
vity of the water, which may be done either by means of 
the areometor, or by the comparifon of its weight with that 
of an equal volume of diftilled water. 

The degree of heat mult likewife be taken by means of a 
good mercurial thermometer. Thermometers made with 
fpirits of wine ought to be rejected ; becaufe the dilatation, 
after the thirty-fecond degree of Keaumur, is extreme, and 
no longer correfponds with the temperature of the»water. 
It is interefting tocalculatethe time which the water requires 
to become cool, in comparifon with diitiiled water railed to 
the fame degree of temperature. Notice muft likewife be 
taken whether any lubltance exhales, or is precipitated by 
the cooling. 

The obferver ougjit likewife to enquire whether rains, 
dry feafons, or other variations of the atmofphere, have any 
influence on the temperature or quantity of water of the 
fpring. If thefe caufes act upon the fpring, its virtue cannot 
but vary exceedingly. This is the caufe why certain mine- 
ral waters are more highly charged with thefe principles in 
one year than in another ; and hence alfo it arifes that cer- 
tain waters produce wonderful effects in fome years, though 
in other feafons their effefts are trifling. The celebrated 
De Haen, who anaiyfed for feveral fucceffive years all the 
waters in the neighbourhood of Vienna, never found them 
to contain the fame principles in the fame proportion. It 
would therefore be an interefting circumftance, if, at the 
time of taking up or bottling of thefe waters, a (kilful phy- 
fician were to analyfe them, and puhlim the refult. 

After thefe preliminary examinations have been made at 
the fpring, further experiments muft be made according to 
the methods of chemiltry. Thefe experiments ought to be 
performed at the fpring itfelf : but if this cannot be dene, 
new bottles may be filled with the water ; and, after clofing 
them very accurately, they may be carried to the laboratory 
of the chemift, who mud proceed to examine them by re- 
agents, and by the method of analyfis. 

I, The fubftances contained in water are decompofed by 
means of re-agents ; and the new combinations or precipi- 
tates which are formed, immediate 1 }' point out the nature of 
the principles contained in the waters. The mod efficacious 
and the only neceiTary re agents are the following : 
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t. Tincture of turnfole becomes red by its mixture with 
acidulous waters. 

2. Prufiiate of lime, and that of ferruginous pot-afh not 
faturated, precipitate the iron contained in a mineral water 
of a blue colour. 

3. The very concentrated fulphuric acid decompofes molt 
neutral falts ; and forms with their bafes falts very well 
known, and eafily diilinguifhed. 

4. The oxalic acid, or acid of fugar, difengages lime from 
all its combinations, and forms with it an infoluble fait. 

The oxalate of ammoniac produces a more fpeedy effect; 
for, by adding a few cryftals of this fair to water charged 
with any calcareous fait, an infoluble precipitate is inftant- 
ly formed. 

5. Ammoniac or volatile alkali affords a beautiful blue 
colour with the folutions of copper. When this alkali is 
very pure, it does not precipitate the calcareous fait, but 
decompofes the magnefian only. In order to have it in a 
highly cauftic ftate, a fyphon may be plunged in the mine- 
ral water, and ammoniacal gasor alkeline air paffed through 
it. The water ought to be kept from the contact of the 
atmofphere, which otherwife might occafion a precipitation 
by virtue of its carbonic acid. 

6. Lime water precipitates magnefia ; and it likewife 
precipitates the iron from a folution of fulphate of iron. 

7. The muriate of barytes detects the fmallelf. particle of 
fulphuric falts, by the regeneration of ponderous fpar, 
which is infoluble, and falls down. 

8. Alcohol is a good re-agent, en account of its affinity 
with water. 

The nitrates of filver and of mercury may likewife be 
employed to decompofe fulphuric or muriatic falts. 

II. Thefe re-agents, indeed, point out the nature of the 
fubflances contained in any water; but they do not exhibit 
their accurate proportions. For this purpofe we are obliged 
to have recourfe to other means. 

There are two things to be confidered in the analyfls of 
any water: 1 .The volatile principles. 2. The fixed principles. 

1. The volatile principles are carbonic acid gas and hepa- 
tic gas. The proportion of carbonic acid may be afcertain- 
ed by various procefTes. The firll } which has been ufed by 
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Mr. Vend, confifts in half filling a bottle with the gafeout 
water intended to be analyfed. A bladder is then to be 
tied upon the neck of the bottle, and the water agitated. 
The air which is disengaged inflates the bladder ; and by 
that! indication an efrimate may be made of its quantity. 
This procefs is not accurate; becaufe agitation is not ufli- 
cient to difengage the whole of the carbonic acid. Neither 
is the evaporation of the water in the pneumato-chemical ap- 
paratus much more exaft; because the water which rifes 
with the air combines again with it, and the gafeous pro- 
du& confifts only of a part of the gas contained in che wa- 
ter. The precipitation by lime-water appears to me to be 
the mod accurate procefs. Lime-water is poured into a de- 
terminate quantity of the water, until it ceafes to caufe 
any precipitate. This precipitate being very accurately 
weighed, tf parts o 4 the whole mud be'deduded for the 
proportion in which water & earth enter into it; and the re- 
mainder is the acid contained in this carbonate of lime. 

Hepatic gas may be precipitated by the very concentrated 
nitric acid, according to the experiments of Bergman n. 

The oxigenated muriatic acid has been propofed by 
Scheele; and Mr. De Fourcroy has pointed out the fulphu- 
reous acid, the oxides of lead, and other re-agents, to pre- 
cipirate the fmall quantity of iulphur held in folution in he- 
patic gas. 

i. Evaporation is commonly ufed to afcertain the nature 
of the fixed principles contained in any mineral water. 
Veffels of earth or porcelain are the only kind fuitable to 
tins purpofe. 

The evaporation mud be moderate; for Itrong ebullition 
volatilizes fome fubftances, and decompofes ethers. In pro- 
portion as the evaporation proceeds, precipitates are afford- 
ed, which Mr. Boulduc propofes to take out as they are 
formed. ! he celebrated Bergmann advifes evaporation to 
drynefs, and to analyfe iherefidue in the following manner: 

i. This refidue mud be put into a fmall phial, and 
ftrongly agitated with alcohol ; after which the fluid rauft 
be filtrated. 

2. Upon the refidue pour eight times its weight of cold 
diflilled water; agitate this, and filter the fluid, after {land- 
ing feveral hours. 
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3. Laftly, the refidue mull be boiled for a quarter of an 
hour in five or fix hundred parts of diftilled water, which 
fluid muft be feparated by nitration. 

4. The refidue, which is neither folubie in water nor in 
alcohol, muft then be moiftened, and expofed for feveral 
days to the fun : by this treatment, the iron which it may 
contain, rufts. It muft then be digelted in diftilled vine- 
gar, which diffolves lime and magnefia ; and this folution, 
evaporated to drynefs, affords either an earthy fait in fil- 
aments which are not deliquefcent, or a deliquefcent fait ; 
which laft has magnefia for its bafe. The infoluble refidue 
contains iron and clay, which are to be diffolved in the 
muriatic acid. The iron is firft to be precipitated by the 
prufliate of lime ; and afterwards the clay by another alkali. 

The falts which the alcohol has diffolved, are the muriates 
of magnefia and of lime. They are eafily known by de- 
compoiing them by thefulphuric acid* 

With refpect to the falts diffolved in the cold water, 
they muft be flowly chryftaliized ; and their form, and o- 
ther obvious qualities, will fhevv what they are. 

The folution by boiling water contains nothing but ful- 
phate of lime. 

When the analyfis of any water has been well made, the 
fynthefis becomes eafy ; and the compofition or perfect imi- 
tation of mineral waters is no longer a problem infoluble 
to chemifts. What, in fact, is a mineral water ? It is rain- 
water, which, filtering through the mountains, becomes 
impregnated with the various folubie principles it meets 
with. Why, therefore, when once we know the nature 
of thefe principles, can it not be poflible to dinolve them 
in common water, and to do that which nature itfelf does . ? 
Nature is inimitable only in its vital operations ; we may 
imitate its effects perfectly in all other procefles : we may 
even do better ; for we can at pleafure vary the temper- 
ature and the proportions of the conflituent parts. The 
machine ofNooth, improved by Parker, may be mads 
ufe of to compofe any gafeous mineral water, whether 
acidulous or hepatic ; and nothing is more eafy than to 
imitate fuch waters as contain only fixed principles. 

THE END. 
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Fermentmon, 564, 579 Kermes 

582 

Fire 36, et feq. 

Flelh 613 

Flints 236 

Fluate of Lime 189 

Fluor Spar ibid 

Fulminating Silver 408 

— , Gold 415 

Furnaces 2, etieq 

Fufible Spar 189 

G. 

Galena 33 
Garnets 227 
Gafes 57 
Gall ric Juice 5 go- 
Geology 265 
Girafol 238 
G-afs 245 
Gluten, Vegetable 491 
Glue 611 
Gold 409 
Gums 459 
Gum Gutt?e 4^' 
Gun-powder I4 R 
Gypfum 1 851 
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L. 



240 
612 
560 

5>5 
548 
612 



219 
644 
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Mercurius Dulcis 
Metals 
Mica 
Milk 
Mines 
Molybdena 
Mongolfier 
Mortai- 
Mountain Cork 
Mucilage 

Muriate of Ammo, 
of Potato 



of Soda 

of Lime 



Mofk 



470 
|8 9 

398 
277 
220 

591 
279 

43 2 

65 

184 

212 

455 
153 

140 

ibid 

48 

<>37 
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Naphtha 

Nickel 

Nitrate of Ammon. 

1 of Potafh 

of Soda 

of Lime 



Labdanum 

Laboratory 1 

Lac 644 

Lapis Lazuli 248 

Lapis Infernalis 
Lava 243 

Lead 330 

Light 49, 453 

Lime 169, 182 

Liquorice 546 

Lithology, 165, et feq 



Luna Cornea 
Lutes 

M. 

Magnelia 

Magnefian Salts 

Magnet 

Manganefe . 

Manna 

Marble 

Maftic 



407 
9 



i7> 

197 

35i 

323 
530 
17 
475 



550 
301 
142 
336 
141 
191 
82 

123 



Nitrogene Gas 
Nitro-muri. Acid 
Nitrous Gas 

O. 

Oculus Mundi 

Oils 

Olibanum 

Opal 

Opium 

Orpiment 

Oxigenous Gas 67, 535 



239 
458 
480 
238 

53f 
292 



Oxides 



Perfumes 
Petroleum 
Petrofilex 
Pewter 

Phofphate of Lime, 
various 193, 



113 



539 
55i 
237 
345 

62: 
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Phofphoric Gas 

Phofphorus 

Pit Coal 

Pitch 

Plafter Stone 

Platina 

Plumbago 

Pollen 

Ponderous Earth 

Porcelain 

Porphyry 

Pottery 

Pot Stone 

Powder, Fulmina- 
ting 

Precipitate 

P ruffian Blue 

Putrefaction 582, 

Pyrites 

Pyrometer of Wedg 
wood 

Quartz 23 1 ; 

Realgar 

Receivers 

Refms 

Refpiration 

Retorts 

Ruby 



Sago 



624 
548 
4-4 
185 
419 
366 
522 
170 
218 

257 
215 

21c 

141 

18 

37i 

648 

66 

40 



235 



292 

7 
472 

74 

6 

226 



489 



Sandarach 
j ! Ammoniac 
Salt, common 
Salt Petre 
Sapphire 
Scammony 
Schorles 
seienite 
terpentine 
Serum 
Siderite 
Silex 
Silver 
Size 
Slate 
Smalt 
Soap 

Soap Stone 
Soil 

Solution 
Soup 

Spar, Ponderous 
Spermaceti 
Starch 
Steatites 
Steel 

Stone, of the Blad- 
der 165;, 622 
Sublimate, Corroiive 

397 
Sublimation 5 

Sugar 494 

Sulphate of Ammo- 
niac 128, 129 
. of Potato 127 

of Soda ibid 

— — — of Lime 1 85 
Sulphur 52, 122 
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*53 

149 

»5° 

231 

80 
242 

185 
211 

600 
366 

173 

401 

612 

222 

233 
4 6 3 
210 

610 
194 

6 39 
490 
210 
364 



Swine Stone 



T. 



207 



Talc 209 

Tartar 577 

Tin 339 

Tinning of Copper 389 

Topaz 228 

Tourmalin 24 1 

Trapp 247 

frompe 286 

Tungften 425 

Turnfole 1 10 

u. 

Ultramarine 248 

Urine 616 

V. 

Varnifli 485 

Vegetable* 437 

Vermilion 400 
Veflels chem. et feq. 2 

Vinegar 580 

Violets, Syrup of 1 1 1 

Vital Air 67 

Volcanic Products 243 

Volcanos 554 

W. 
Water, its composi- 
tion 86, 95, 448 
Waters, Mineral 666 
Wax 524, 525 
Wolfram 428 
Wood 444 
Woulfe, his apparat. 10 

Z. 

Zaffre 298 

Zeolite 225 

Zinc 317 
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